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FOREWORD 

The  symposium,  "Fire's  Effects  on  Wildlife 
Habitat,"  represents  one  of  the  closing  ceremonies 
of  the  Fire  Effects  and  Use  Research  and 
Development  Program,  conducted  by  the 
Intermountain  Research  Station  from  H79  to  1984. 
One  of  the  R&D  program's  most  important  goals  had 
been  to  study  the  long-and  sliort-term  effects  of 
fire  on  plant  communities.   We  sought  to  thus 
enhance  our  understanding  of  fire's  effects  on 
vegetation,  so  fundamental  to  managing  forests  and 
rangelands  for  their  many  resources. 

Judicious  use  of  fire  probably  benefits 
wildlife  more  than  any  other  resource.   For  eons, 
the  wildlands  and  wildlife  of  the  Northern  Rockies 
and  Intermountain  West  have  been  shaped  by  fire. 
Therefore  no  management  tool  is  more  appropriate 
than  fire  for  manipulating  wildlife  habitat. 
Fire,  unfortunately,  produces  various  effects  on 
wildlife  habitat,  depending  on  fuels,  weather,  and 
the  site.   Before  we  can  use  fire  with  great 
confidence,  we  must  be  able  to  evaluate  these 
factors  and  predict  the  result. 

Settlement  by  Europeans  drastically  curtailed 
fire's  influence  on  wildlife  habitat.   Fire 
control,  grazing,  and  settlements  have  all 
markedly  reduced  the  number  and  size  of  fires  in 
the  American  West.   George  Gruell's  comparisons  of 
early  and  recent  photos  illustrate  the  magnitude 
of  changes  in  vegetation  over  the  past  century. 
The  photos  document  that  the  early  stages  of  plant 
succession,  perhaps  the  optimum  in  wildlife 
habitat,  were  gradually  replaced  by  even  larger 
and  more  abundant  conifers  that  provide 
comparatively  poorer  wildlife  habitat.   We  have 
come  to  recognize  that  prescribed  fire  is  the  most 
effective  and  most  economically  feasible  tool  for 
rejuvenating  vast  expanses  of  deteriorating 
wildlife  habitat. 

Land  managers  have  slowly  and  carefully  begun 
to  use  prescribed  fire  to  rejuvenate  wildlife 
habitat.   Nevertheless,  they  desperately  need 
sound  knowledge  of  fire's  effects.   The  kind  of 
fire  that  results  and  the  influence  of  the  season 
in  which  the  burn  is  done  are  particularly 
important.   The  purpose  of  this  symposium  is  to 
assemble  some  of  this  kno^^7ledge  and  make  it 
available  to  others.   We  trust  that  the 
information  herein  will  ultimately  benefit 
wildlife  and  that  the  work  reported  will  stimulate 
additional  investigations.   The  future  of  wildlife 
depends  upon  intelligent  maintenance  of  its 
habitat  and  in  this  endeavor  fire  will  remain  an 
important  tool. 
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WILDLIFE  AND  FIRE  RESEARCH:   PAST,  PRESENT,  AND  FUTURE 
E.  V.  Komarek 


INTRODUCTION 

A  keynote  speaker  has  a  unique  advantage.   Somewhat 
like  a  historian,  he  can  look  backward  in  time  and 
also  discuss  the  present.   Unlike  the  historian,  he 
may  also  point  to  the  future.   A  keynote  speaker 
also  can  ramble  more  or  less  all  over  the  country- 
side.  He  doesn't  have  to  have  too  much  quantitative 
data  and  must  be  rather  holistic  in  his  approach. 

According  to  the  dictionary,  a  keynote  address  is 
supposed  to  present  the  essential  issues  of  interest 
to  the  assembly.   To  fulfill  that  requirement,  I 
will  spend  most  of  my  time  for  what  I  see  as  the 
problems  for  the  future,  pointing  out  areas  where 
research  needs  to  be  done — or  continued  and 
expanded — on  the  relationship  of  fire  and  wildfire. 


THE  PAST 

Game  management  began  on  an  empirical  basis  in  the 
South  at  least  by  the  early  1800' s.   At  that  time, 
scientific  wildlife  management  began  with  the 
Cooperative  Quail  Study  Investigation  in  the 
1920's.   Although  the  use  of  fire  to  attract  game 
animals  has  been  a  practice  well  known  to  early 
peoples,  including  American  Indians  and  our 
pioneer  ancestors,  this  folk  knowledge  was  over- 
looked in  the  attempt  to  preserve  our  Southeastern 
forests  in  the  late  1920's  and  early  1930's. 

The  passage  of  the  Clarke-McNary  Act  (1924), 
sponsored  by  the  American  Forestry  Association, 
provided  for  Federal  matching  funds  from  the  U.S. 
Forest  Service  and  the  development  of  State  forest 
agencies  in  the  South.   These  funds  were  earmarked 
only  for  fire  fighting,  not  for  fire  prevention. 

Bonninghausen  pointed  out: 

"in  order  to  carry  our  the  cooperative  fire 
control  agreements  which  the  Florida  Forest 
Service  entered  in  to  with  private  land 
owners  at  that  time,  it  was  necessary  to 
stipulate  the  exclusion  of  fire,  or  funds 
would  not  be  made  available  and  the  Florida 
Forest  Service  would  be  subject  to  criticism" 
(Bonninghausen  1962). 
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Thus,  southern  silviculture  in  practice  became 
largely  fire  control.   Along  with  the  stimulus  of 
Federal  funds  came  the  philosophy  that  all  that 
was  necessary  for  the  original  splendid  forest  to 
return  was  to  prevent  fire,  exclude  hogs,  and 
leave  ample  seed  trees;  nature  herself  would 
restore  longleaf  pine  to  its  primeval  state. 

During  this  period,  however,  there  were  roughly  1 
million  acres  (40  500  ha)  of  southeastern  pine  and 
agricultural  lands  throughout  the  Coastal  Plain 
devoted  to  quail  hunting  and  winter  recreational 
activities.   These  plantations  had  been  burned 
regularly,  mainly  on  an  annual  basis,  for  well 
over  50  years.   Many  of  these  plantations,  ranging 
from  5,000  to  20,000  acres  (2  000  to  8  000  ha), 
also  had  winter  residences  upon  them;  owners  and 
their  friends  often  came  South  for  the  3  winter 
months.   The  area  around  Thomasville,  GA,  and 
Tallahassee,  FL  became  the  center  for  some  of  the 
earliest  hunting.   In  addition  to  hunting  owned 
land,  these  plantation  owners  also  leased  adjacent 
lands  for  hunting;  within  the  lease  was  always  a 
stipulation  that  after  the  end  of  the  hunting 
season  each  vear,  usually  on  the  last  day  of 
February,  the  properties  would  be  burned  in  order 
to  maintain  the  quail  population. 

With  the  Clarke-McNary  Act,  however,  intensive 
efforts  were  made  to  stop  all  burning  in  the 
Coastal  Plain  of  the  Deep  South.   Instead  of  being 
blamed  on  timbermen,  forest  destruction  was  blamed 
on  fire.   The  South  was  then  subjected  to  a 
"crusade"  by  the  American  Forestry  Association  and 
the  participating  southern  State  forest  services 
(Florida,  Georgia,  and  Mississippi).   It  was 
called  the  Southern  Forestry  Education  Project 
(1927-30). 

Teams  of  young  men  (were  sent)  into  the  South 
called  "Dixie  Crusaders"  who  spearheaded  the 
assault  on  southern  customs  (on  woods,  range, 
game,  and  agricultural  burning)  as  their 
truck  caravans  rolled  through  the  piney  woods 
broadcasting  "with  all  the  drama  of  the  day" 
.  .  .  .  the  crusaders  traversed  300,000 
miles,  disseminating  two  million  pieces  of 
literature  along  the  way.   More  than  5,200 
motion  picture  programs  and  lectures  were 
presented  to  three  million  people,  one  half 
of  them  children,  with  the  USDA  film  "Trees 
of  Righteousness"  enjoying  the  most  universal 
appeal.   By  1923  the  woods  burner,  sought  out 
in  his  own  lair,  had  been  made  to  know  the 
way  of  his  transgression.   "A  great  tide  of 
indignation",  the  association  asseverated, 
was  sweeping  out  over  the  piney  woods 
mobilizing  sentiment  against  the  woods  burner 
(Schiff  1962). 


A  policy  that  totally  excluded  fire  was  success- 
fully instituted  in  Florida  and  southern  Georgia; 
by  1923  the  formerly  open  pine  lands  in  the 
Thomasville-Tallhassee  region  became  brush-choked, 
and  the  quail  population  drastically  decreased. 
This  alarmed  the  plantation  people,  who  agreed 
among  themselves  to  finance  a  scientific  investi- 
gation to  determine  why  the  quail  population  was 
declining.   They  established  the  Cooperative 
Quail  Study  Investigation  (1923-28),  headed  by 
Herbert  L.  Stoddard.   As  early  as  1925,  in  a 
preliminary  report  to  the  supporters  of  the 
Investigation,  Stoddard  pointed  out  that  the 
absence  of  fire  was  the  key  to  the  shortage  of  the 
Bobwhite  quail  in  this  region.   He  finished  his 
studies  4  years  later  and  published  his  famous 
book,  "The  Bobwhite  Quail:  Its  Habits,  Preserva- 
tion and  Increase"  (1931).   Game  management,  or 
wildlife  management  as  we  now  know  it,  had  really 
begun.   Stoddard  was  the  first  to  demonstrate 
scientifically  that  wildlife  was  a  crop  of  the 
land  and  that  wildlife  populations  could  be 
manipulated  through  land  management  practices. 
He  pointed  out  fire  may  well  be  the  most  important 
single  factor  in  determining  what  animal  and 
vegetable  life  will  thrive  in  many  areas 
(Stoddard  1931). 

The  Cooperative  Quail  Study  Investigation  was 
succeeded  by  the  Cooperative  Quail  Study  Association, 
a  consulting  service  that  took  the  research 
Stoddard  and  others  had  conducted  and  applied  it 
to  management  plans  on  more  than  100  plantations, 
averaging  about  10,000  acres  (4  000  ha)  each, 
scattered  from  North  Carolina  to  Arkansas.   Work 
was  also  conducted  with  several  government  agencies 
on  the  use  of  fire,  but  for  political  reasons  most 
of  these  preferred  not  to  publicize  the  fact  that 
they  were  even  interested  in  burning. 

I  worked  with  Stoddard  in  the  Quail  Association 
from  1931  to  1943.   We  found  that  on  more  than  75 
percent  of  the  hunting  plantations  we  studied, 
fire  exclusion  was  the  principal  factor  in  declining 
quail  abundance.   Other  key  factors  were  improper 
forestry  operations  and  improper  distribution  of 
agriculture. 

In  1945  my  brother,  Roy  Komarek,  and  I  were  asked 
to  manage  Greenwood  Plantation.   The  owner,  John 
Hay  Whitney,  instructed  us  to  "do  something  to 
benefit  southern  agriculture,"  to  develop  Green- 
wood's forests  along  the  lines  originally  discussed 
by  Stoddard,  and  to  develop  game  and  other  resources 
along  the  lines  recommended  in  the  Cooperative 
Quail  Study  Association  reports. 

The  property  consists  of  18,000  acres  (7  300  ha) 
and  is  still  under  our  management,  so  we  have  had 
ample  opportunity  to  test  our  theories  and  ideas 
on  the  use  of  fire  and  the  production  of  game 
animals  like  quail  and  many  other  wildlife 
species.  Including  song  birds.   In  39  years  of 
active  administration  and  practical  management, 
the  ideas  that  Stoddard  first  advocated  regarding 
fire  and  game  management  have  proved  sound. 

Henry  L.  Beadel,  owner  of  Tall  Timbers  Plantation, 
had  been  an  original  supporter  of  the  Quail 


Investigation  and  a  prime  mover  in  the  organiza- 
tion of  the  Cooperative  Quail  Study  Association. 
In  1958  he  founded,  in  cooperation  with  Stoddard, 
the  Komareks,  and  many  others.  Tall  Timbers 
Research,  Inc.,  a  foundation  whose  purpose  is  "a 
quest  for  ecological  understanding." 

The  proper  understanding  of  the  place  of  fire  in 
wildlife  management  was  anchored  in  the  Charter 
and  in  Mr.  Beadel's  will,  which  gave  his  3,000- 
acre  (1200  ha)  plantation  to  the  Foundation  to  be 
used  for  its  research  station. 

Beginning  in  1962,  Tall  Timbers  Research,  Inc., 
began  sponsoring  Fire  Ecology  Conferences,  which 
promoted  a  better  understanding  of  the  use  of  fire 
and  its  many  ramifications  in  nature.   The  confer- 
ences' proceedings  brought  international  recognitio 
to  the  Station  for  its  pioneering  efforts  in  this 
controversial  field.   Scientists  and  investigators  • 
in  many  disciplines  (forestry,  wildlife,  agricultur; 
botany,  zoology,  geography,  anthropology,  and 
others)  reported  on  their  studies  and  ideas.   More 
than  400  speakers  from  22  countries  throughout  the 
world  have  taken  part.   Speakers  have  represented 
government  agencies,  private  industry,  and  publicly 
and  privately  financed  research  institutions. 
There  is  no  doubt  that  these  meetings  have  done 
much  to  stimulate  research  in  fire  ecology  (a  term 
coined  at  the  first  conference,  which  has  since 
become  universally  recognized)  and  the  use  and 
management  of  fire,  particularly  in  wildlife  and 
forestry  practices. 

The  Clarke-McNary  Act  of  1924  had  also  spurred 
fire  control  and  raised  the  possibility  of  total 
fire  exclusion  in  the  West,  where  its  effects 
proved  long-lasting.   As  recently  as  1947,  Schantz 
was  asked  to  survey  fire  in  the  brushlands  of 
California  for  the  California  Forestry  Department. 
His  report  seldom  referred  to  the  possible  benefi- 
cial use  of  fire  for  game  habitat  management  but 
dealt  largely  on  the  destruction  of  game  animals 
by  massive  wildfires  in  the  State. 

The  14th  Tall  Timbers  Conference  was  held  in  1976 
at  Missoula,  Mont.,  and  was  sponsored  jointlv  with  , 
the  Intermountain  Fire  Research  Council,  an 
organization  of  Federal,  State,  and  other  foresters 
The  first  paper  presented  was  "From  Fire  Control 
to  Fire  Management:  A  Major  Policy  Change  in  the 
Forest  Service."   Since  that  conference  many 
studies  have  been  conducted  in  the  West,  on  the 
use  of  fire  in  forestry  practices  as  well  as  in 
wildlife  habitat  management.   Public  attitudes 
have  changed  to  the  point  that  now  even  commercial 
timber  companies  advertise  that  prescribed  burning  , 
"sweeps  the  forest"  of  flammable  debris. 


THE  PRESENT 

In  the  past  decade,  the  use  of  prescribed  burning 
to  manipulate  wildlife  habitat  and  for  forestry 
and  range  practices  has  become  commonplace  in  most 
parts  of  the  United  States,  though  the  Northeast 
still  lags  somewhat.   Prescribed  burning  is  being 
used  even  there,  however,  on  barrier  islands  and 
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in  certain  lands  devoted  to  range,  forestry, 
wildlife,  hunting,  and  recreation. 

\n   example  of  public  acceptance  of  controlled 
jurning  involves  the  helitorch,  a  55-gallon 
;^200  L)  drum  filled  with  jellied  gasoline, 
jquipped  with  an  ignitor,  and  fastened  beneath  a 
lelicopter.   Fires  can  be  ignited  by  dropping 
5lobs  of  burning  jellied  gasoline  in  spots 
ihroughout  a  forest;  thousands  of  acres  then 
5urn  properly  and  safely.   The  use  of  the 
lelitorch  was  once  considered  spectacular  and 
lewsworthy,  but  in  parts  of  the  West  and  in  the 
Southeast  its  use  has  become  so  commonplace  it  is 
low  largely  ignored  by  newspapers  and  television. 

\  great  deal  of  research  in  fire  ecology  has 
'ocused  only  on  certain  facts  of  fire's  relation- 
;hip  to  wildlife  habitat,  which  is  concentrated, 
especially  in  the  West,  on  large  game  animals, 
[nnumerable  studies  have  established  that  vegeta- 
;ion  regenerated  after  burning — grass,  brush,  or 
!ven  some  trees — is  always  higher  in  protein, 
:alcium,  phosphorus,  and  other  elements  necessary 
:or  the  good  health  of  such  animals.   It  is  also 
/idely  recognized  that  such  palatable  material  is 
ibsolutely  essential  for  their  well-being  through- 
)ut  the  reproductive  cycle — conception  to  birth — 
md  during  the  milk-producing  period. 

?he  other  emphasis  in  fire  ecology  in  the  last 
lecade  or  so  has  been  modifying  the  habitat  for 
;ame  species.   Unfortunately,  most  of  these 
studies  investigate  only  the  changes  in  plant 
;ommunities  and  the  resulting  effects  on  the  bird 
)r  mammal  population  being  studied.   The  impression 
;iven  is  that  habitat  consists  exclusively  of 
;over  and  structure.   The  fact  that  the  habitat 
lUSt  have  food  seems  often  to  be  overlooked;  yet 
without  the  necessary  food,  any  habitat,  regardless 
)f  its  structure  and  composition,  will  be  of 
Little  value  to  most  animals. 

^or  example,  over  half  the  families  of  birds  are 
;pecies  with  precocial  young,  able  to  forage  for 
ihemselves  immediately  after  hatching.   Every 
itudy  made  on  any  gallinaceous  game  bird,  in  the 
Jnited  States,  as  well  as  in  other  parts  of  the 
70rld,  has  shown  that  insects  and  other  invertebrate 
naterial  make  up  more  than  80  percent  of  the 
lormal  diet  of  these  precocious  chicks  during 
:heir  first  2  to  3  weeks  of  life.   Fledgling  young 
:hat  are  raised  in  nests,  (except  for  water  birds 
;hat  are  fed  fish)  also  are  fed  for  a  period  of 
several  weeks  on  nothing  but  insects  or  other 
invertebrates.   Studies  on  related  domestic 
species  like  chickens  or  more  or  less  domesticated 
;ame  birds  have  shown  that  a  high-protein  diet  is 
)lso  necessary  in  order  for  the  female  to  lay  a 
Large  number  of  healthy  eggs.   Furthermore, 
>?ithout  a  high-protein  diet,  the  chicks  that  hatch 
ifill  not  be  strong  and  may  not  live.   A  high-protein 
iiet  for  song  birds  is  just  as  necessary  as  it  is 
for  game  birds  and  for  the  same  reasons.   Some  of 
:he  most  fruitful  and  valuable  research  in  the 
:oming  decade  could  focus  on  the  effect  of  fire  on 
:he  invertebrate  species  that  play  such  an  important 
3art  in  the  food  chain  of  so  many  of  our  wildlife 


species,  particularly  during  the  reproductive 
cycle . 


THE  FUTURE 

The  quality  and  value  of  research  can  be  greatly 
influenced  by  the  institution  which  produces  it. 
There  is  real  danger  that  the  work  of  research 
institutions  closely  controlled  by  governmental, 
or  even  by  commercial,  interests  will  reflect 
official  policy  at  best — and  politics  at  worst — 
instead  of  objective  information.   The  history  of 
fire  ecology  and  its  relationship  to  the  ecology 
of  plants  and  animals  as  well  as  humans,  shows  the 
dangers  of  such  a  "controlled"  situation.   In  his 
book  "Fire  and  Water:  Scientific  Heresy  in  the 
Forest  Service,"  Schiff  (1962)  pointed  out  the 
dangers  and  effects  of  government  and  academic 
dominances  over  fire  ecology  research  during  the 
second  quarter  of  this  century  and  beyond. 

The  reluctance  of  government-supported  research  to 
document  the  dangers  of  some  pesticides  points  up 
the  need  for  independent,  privately  financed, 
nongovernmental  biological  research  organizations 
to  serve  the  public  by  presenting  impartially  all 
the  facts  in  this  vital  debate. 

When  the  founders  of  Tall  Timbers  Research,  Inc., 
set  up  that  institution  and  stated  its  purpose, 
they  recognized  the  necessity  to  develop  public 
and  scientific  interest  in  fire  ecology  through 
long-term  experiments,  research,  and  demonstrations. 
This  meant  a  research  institution  well  structured 
and  stable  enough  to  guarantee  experiment  conti- 
nuity and  complete  investigative  freedom. 

"A  quest  for  ecological  understanding,"  the  Tall 
Timbers  purpose,  cannot  be  limited  to  game  manage- 
ment alone,  and  the  species  studied  cannot  be  only 
game  species.   Some  of  the  most  fruitful  and 
valuable  research  in  the  coming  decade  could  deal 
with  information  on  the  populations,  composition, 
and  abundance  of  such  invertebrates  as  insects, 
spiders,  snails,  and  earthworms,  particularly  as 
they  relate  to  some  of  our  endangered  species  of 
vertebrates . 

In  the  past  decade  or  so,  the  Tall  Timbers  Research 
Station  has  realized  the  lack  of  information  on 
the  relationship  of  fire  and  various  invertebrates 
and  has  conducted  small,  rather  desultory,  studies 
on  the  effect  of  fire  on  different  invertebrates, 
including  insects,  spiders,  earthworms,  and  snails. 
On  the  basis  of  this  work  more  extensive  studies 
of  insects  on  the  fire  plots  at  Tall  Timbers  began 
in  1981. 

In  1958,  84  half-acre  (0.2  ha)  plots  were  chosen 
at  random  all  over  the  3,000  acres  (1  200  ha)  of 
Tall  Timbers  Research  Station  on  as  many  different 
soil  types,  topography,  and  conditions  as  possible. 
Since  the  Station's  founding,  these  areas  have 
been  burned  at  specified  intervals:   annual, 
biennial,  triennial,  quadrennial,  every  5th  year, 
7th  year,  12th  year,  25th  year,  50th  year,  and  so 
on.   By  design,  some  were  not  burned  at  all.   Thus 


plots  annually  burned  have  been  burned  25  times  in 
the  past  25  years;  biennial  plots  have  been  burned 
12  times;  triennial  burned  8  times,  and  so  forth. 
Definitive  studies  on  the  insects  on  these  plots 
began  in  1982  and  carried  on  intensively  in  1983. 

One  of  the  reasons  for  this  intensive  study  is 
that  Stoddard  (1931)  had  listed  more  species  of 
insects  and  other  invertebrates  (over  400)  as  food 
for  quail  than  other  species  of  plants  and  seeds. 
All  subsequent  work  on  food  habits  on  the  Bobwhite 
quail  seems  to  have  focused  on  seeds  and  plants  in 
spite  of  the  fact  that  Stoddard  showed  that 
insects  made  up  82  percent  or  more  of  the  diet  of 
baby  quail  in  the  first  2  weeks  of  life  (fig.  1). 
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and  thawed  out  and  that  apparently  thev  readily 
ate  many  species  of  grasshoppers  and  many  species 
of  miscellaneous  insects.   In  1983  these  experiments 
were  continued  in  much  more  detail;  figure  2  shows 
the  results.   It  was  soon  obvious  that  1-day-old 
baby  chicks  when  given  a  choice  instinctively 
chose  grasshoppers  over  miscellaneous  insects  or 
high-protein  mash  and  that  they  thereby  gained 
more  weight  when  doing  so. 
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Figure  2. — Response  of  quail  chicks  to  various 
foods.   Weight  and  amount  of  food  consumed  in  10th 
of  grams  over  8-hour  period.   Discovery  time  is 
time  elapsed  before  chicks  began  feeding. 


INSECTS  CONSUMED 

Figure  1. — Diet  of  Bobwhite  quail  during  first  two 
weeks  of  life  based  on  research  of  Herbert  L. 
Stoddard. 


Studies  in  Britain  have  also  shown  the  value  of 
insect  populations  to  partridge  chicks  by 
demonstrating  that  if  insects  are  not  available, 
the  chicks  starve  to  death.   In  1970,  Hurst  also 
showed  that  on  small  quadrats  on  a  burned 
right-of-way  powerline  in  Mississippi,  the  diet  of 
baby  chicks  was  almost  entirely  insects. 

In  1982  and  in  1983,  1-day-old  baby  quail  chicks 
were  obtained  from  a  propagating  plant  and  fed  a 
variety  of  insects  as  well  as  high-protein  mash. 
It  was  quickly  found  that  the  baby  chicks  would 
eagerly  go  after  grasshoppers  that  had  been  frozen 


While  these  experiments  were  going  on,  two  quail 
propagating  plants  received  the  wrong  mash  from 
their  supplier.   Instead  of  a  27  percent  protein 
mash,  20  percent  protein  mash  had  been  substituted 
by  error.   Immediately  after  feeding  with  lower- 
protein  mash,  the  laying  hens'  production  dropped 
drastically,  and  eggs  did  not  hatch  properly,  and 
the  chicks  produced  were  very  weak  and  had  a  high 
mortality  rate.   One  week  after  the  mash  was 
replaced  by  27  percent  protein  mash,  the  quail 
hens  began  laying  their  normal  complement  of  eggs. 
The  eggs  that  were  incubated  hatched  properly,  and 
the  chicks  were  strong.   This  demonstrated  that 
the  Bobwhite  hen,  as  well  as  the  chicks,  requires 
a  high-protein  diet.   Unfortunately,  the  average 
legume  seeds  on  which  many  of  us,  including 
myself,  had  previously  assumed  were  adequate  to 
feed  quail,  are  not  high  enough  in  protein,  since 
they  contain  only  about  20  percent  protein. 

Once  these  experiments  showed  us  that  quail  chicks 
as  well  as  adult  quail  apparently  readily  ate  any 
kind  of  insect  (though  there  seemed  to  be  some 
preference  for  grasshoppers  over  miscellaneous 
invertebrates,  including  spiders),  we  began 
intensive,  sweeping  experiments  on  the  Tall 
Timbers  fire  plots.   For  each  collection,  each 
plot  was  swept  200  times  with  a  10-inch  butterfly 
net.   We  then  sorted  this  collection  into  grass- 
hoppers, miscellaneous  insects,  larvae,  and 
spiders.   Figure  3  shows  that  on  the  annually 


arned  plots  there  were  more  Orthoptera  in  1983, 
lit   less  on  the  biennial  plots,  still  less  on  the 
riennial  plots,  much  less  in  the  quadrennial 
lots,  and  on  the  unburned  plots  few  or  none  at 
iLl.   This  demonstrated  that  the  periodicity  of 
lire  plays  a  considerable  part,  not  only  in  plant 
jaccession,  but  in  insect  succession  and  the  kind 
;d  species  that  occur. 
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Lgure  3. — Orthoptera  collected  on  burned  plots  by 
irning  frequency. 


le  grasshoppers  in  1982  were  identified  but 
iparently  only  five  or  six  species  are  abundant 
lough  to  play  a  big  part  in  quail  diets.   As  far 
5  we  can  ascertain,  however,  quail  showed  no 
reference  in  species.   Our  study  also  shows  that 
1  1983  the  relationship  of  fire  and  Orthoptera 
IT   the  month  of  July  was  the  same  as  in  1982,  in 
5ite  of  the  fact  that  in  March  1983  all  the  plots 
1,  2,  3,  and  4),  were  burned.   (The  reason  for 
lis  burning  is  that  they  have  to  be  burned 
Lmultaneously  every  12  years  and  1983  was  the 
tth  year  of  the  burning  schedule.)   Even  though 
lese  plots  were  burned  in  March  1983,  they  show 
le  same  trend  in  Orthoptera  population  as  the 
3llections  made  in  1982.   What  few  studies  had 
2en  made  in  insects  and  fire  have  unfortunately 
;en  made  only  on  a  1-year  basis,  sometimes  after 
period  of  fire  exclusion.   Long-term  studies 
sing  recurring  periodicities  of  fire  at  varying 
requencies,  as  occurs  in  nature,  are  needed.   In 
16  plots  burned  every  1,  2,  3,  or  4  years,  we 
3ve  three  major  replications,  however,  because  at 
le  time  we  set  up  the  plots  we  were  afraid  we 
ight  lose  some,  an  additional  three  (X,  Y,  and 
).   Future  studies  will  include  all  six 
^plications. 


Snails 

Through  many  years  of  burning  on  Birdsong,  as  well 
as  in  other  parts  of  the  world  where  the  land  had 
been  burned  regularly,  my  wife  and  I  had  often 
noted  an  abundance  of  snail  shells.   These  were 
not  new  shells  from  snails  that  had  been  killed  bv 
the  fire,  but  evidence  that  there  was  a  high 
population  of  snails — in  Africa,  Asia,  United 
States — that  inhabited  regularly  burned  grasslands. 
The  species  most  frequently  occurring  on  grasslands 
in  the  Thomasville-Tallahassee  region  are 
Triodopsis  albolahris    (Say),  T.    hopetonosis ,    and 
Euglandina  rosea.      Their  abundance  shows  that 
these  snails  are  as  properly  the  inhabitants  of  a 
regularly  burned  grassland  as  are  the  bobwhite 
quail  or  other  birds  that  live  there.   Even  though 
fire  may  kill  some  of  them,  there  is  always  enough 
of  the  population  left  to  recuperate  quickly.   In 
1976  a  staff  member.  Dr.  Virgina  Vail,  studied 
Triodopsis  albolahris   on  an  area  that  had  been 
burned  annually  for  36  years  under  my  direction. 
This  was  a  mixed  hardwood  forest  with  a  few 
scattered  pines.   The  hardwoods  consisted  largely 
of  black  gum,  sweet  gum,  hickory,  and  some  magnolia 
and  beech.   She  found  that  the  snail  had  a  remark- 
able behavior  pattern,  which  allowed  it  to  live  in 
a  fire-maintained  environment,  apparently  laving 
its  eggs  in  places  usually  protected  from  fire. 
Dr.  Vail  suggests  that  some  of  the  young  and 
adults  take  refuge  in  areas  where  the  surface  fire 
does  not  reach  them  (Vail  1978).   Even  though 
fires  of  some  intensity  do  kill  a  number  of 
snails,  by  the  end  of  the  fall  after  a  late  winter 
burn  the  population  is  about  what  it  was  before 
the  fire.   D.  Gillon  (1972)  and  Y.  Cillon  (1972) 
found  the  same  egg-laying  pattern  with  insects  on 
the  Ivory  Coast.   Populations  of  Orthoptera  and 
Hemiptera  were  somewhat  reduced  and  subject  to 
heavier  predation  after  burning,  but  after  6  to  9 
months,  the  population  was  the  same  as  it  was 
before  the  fire  occurred.   These  studies  were  made 
on  land  that  had  been  burned  annually  for  a  great 
many  years. 


Salt  Water  Snails 

In  studies  just  initiated  it  has  been  found  that 
certain  of  the  salt  water  snails  such  as 
periwinkles  (Littorina) ,    the  common  marsh  snail 
Melampus ,    and  others  apparently  also  are  adapted 
to  fires  in  salt  water  marshes.   Although  these 
are  preliminary  results,  it  does  appear  that  many 
of  these  also  have  behavior  patterns  that  protect 
them  from  fire.   In  one  case  it  was  observed  with 
periwinkle  (Littorina   irrorata)    that  after  a 
purposely  set  and  exceedingly  hot  experimental 
fire  in  needle  rush  (Junens) ,  the  periwinkle  had 
dropped  down  to  the  surface  of  the  mud  flats, 
where  it  was  relatively  cool.   The  fire  apparently 
did  not  kill  any,  for  the  next  morning  the 
periwinkles  all  had  climbed  up  on  the  charred 
stubble  of  the  vegetation;  from  a  distance  it 
looked  like  little  white  specks  all  over  the 
burned  marsh.   Curiously  enough,  Hamilton  (1977) 
found  in  laboratory  studies  that  this  species 
apparently  preferred  or  went  to  darkened  stalks. 
In  laboratory  experiments,  where  stalks  ranged 
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At  a  burn  on  the  St.  George  Island  State  Park, 
also  in  a  needle  rush  and  cordgrass  {Spavtina) 
marsh,  we  found  that  Melampus   and  several  other 
snails  appeared  to  be  much  more  abundant  on  burned 
marsh  than  on  unburned  marsh.   Unfortunately, 
there  seems  to  be  scant  literature  dealing  with 
the  invertebrates  of  salt  water  marshes, 
particularly  in  needle  rush,  Spartina-type 
marshes.   These  marshes  are  a  grassland,  so  it  may 
be  that  some  of  the  same  principles  apply  as  in 
burning  upland  grasslands,  although  we  have  an 
added  factor  here  of  high  and  low  tides.   Dealing 
with  both  fire  and  water  complicates  the  matter 
considerably,  however,  we  can  state  tentatively 
that  fire  does  not  seem  to  affect  the  Junaus   marsh 
because  these  marshes  have  been  burned  in  some 
areas  over  a  considerable  period  for  livestock 
range.   On  the  St.  Marks  National  Wildlife  Refuge, 
Spartina   marshes  along  the  Gulf  coast  have  been 
burned  for  many  years  to  provide  goose  and  duck 
food.   There  are  many  studies  on  the  relationship 
of  Spartina    to  fire  but  practically  nothing  that 
applies  to  the  invertebrate  life. 


Earthworms 


In  some  earthworm  studies  at  Tall  Timbers  and 
adjoining  regions  it  has  been  found  that  the  three 
commonest  species — Diplooardia  misstssipiensis ,    D. 
longa,    and  D.    floridana — all  inhabit  regularly 
burned  open  pine  woodlands.   There  are  also 
several  other  species  found  in  these  areas,  from 
small  earthworms  only  an  inch  or  two  (1.3  to  5  cm) 
long  (some  of  which  have  yet  to  be  described)  to 
D.    longa,   which  can  be  up  to  18  inches  to  2  feet 
(45  to  60  cm).   The  fact  that  these  three  species 
occur  only  in  open  fire-maintained  pine  lands  is 
well  known  to  many  local  people.   On  the  Apalach- 
icola  National  Forest,  for  example,  many  families 
make  their  living  harvesting  these  worms.   These 
people  are  called  "grunters"  because  they  put  a 
staub  in  the  ground  and  then  vibrate  it  with 
another  one,  producing  a  grunting  sound.   This 
vibration  brings  the  worms  to  the  surface,  and 
families  can  make  a  reasonably  good  living 
collecting  them.   The  earthworms  are  then 
processed  through  sawdust  for  shipment,  often  by 
air,  to  fishing  localities  throughout  the 
Southeast.   In  fact,  the  Apalachicola  National 
Forest  had  numerous  problems  during  an  almost 
20-year  period  of  fire  exclusion,  because  these 
"grunters"  constantly  burned  holes  in  the  forest 
in  order  to  maintain  the  earthworms.   Today  the 
Apalachicola  National  Forest  receives  an 
appreciable  amount  of  money  every  year  for  the 


right  to  collect  these  earthworms  on  the  forest. 
The  worms  are  valuable  by-product  of  a  slash  pine, 
flatwoods  type  forest. 

All  three  of  these  earthworm  species  occur  at 
slightly  different  elevations.  Diplooardia 
floridana    is  usually  on  the  highest  ground  and  can 
occur  even  on  sandy  ridges,  particularly  during 
exceptionally  wet  years;  D.    longa   seems  attracted 
to  an  intermediate  area  of  hillocks  throughout  the 
flatwoods;  and  D.    mississipiensis   is  in  the  lowest 
elevation,  sometimes  in  areas  that  are  wet  a  good 
part  of  the  time.   In  the  absence  of  fire,  within 
4  to  5  years  (as  in  our  plots  at  Tall  Timbers)  the 
grassland  disappears  and  is  replaced  by  hardwood 
and  shrub  species.   These  in  turn  shade  the  ground 
and  cover  it  with  their  litter,  eliminating  the 
grassland,  which  also  eliminates  the  earthworms. 
Thus  the  most  abundant  species  in  the  flatwoods 
area  of  Florida  and  Georgia,  adjacent  Alabama  and 
southern  Mississippi,  and  possibly  Louisiana,  are 
earthworms  that  might  be  terms  "fire  earthworms," 
since  they  only  occur  in  fire-maintained  environ- 
ments.  Little  detailed  study  about  them  has  been 
published.   Tall  Timbers  has  done  a  number  of 
earthworm  studies,  but  most  are  unpublished. 

These  four  brief  examples  show  an  entirely  new 
field,  literally  untouched  by  fire  ecologists.   We 
know  little  about  the  invertebrates  of  fire- 
maintained  grasslands.   On  insects  there  are  few 
studies,  and  usually  these  are  based  on  only  1  or 
2  years  of  experiments.   I  cannot  stress  too 
strongly  that  with  the  invertebrates  (particularly 
insects,  spiders,  earthworms,  and  snails)  we  are 
dealing  with  an  important  part  of  the  food  chain 
of  at  least  half  of  the  families  of  song  birds  and 
game  birds  in  the  United  States  and  of  many  small 
mammals,  amphibians,  and  reptiles.   Few  studies 
have  focused  on  the  recycling  of  the  nutrients  in 
fresh-  and  salt-water  marshes  and  how  these 
nutrients  affect  these  invertebrates  populations. 
In  the  past  we  have  paid  entirely  too  much 
attention  to  the  effect  of  fire  on  the  habitat  as 
a  whole,  particularly  cover  or  nesting  areas,  and 
not  enough  to  what  happens  to  components  of  those 
habitats  that  serve  as  food  for  the  birds  and 
mammals  and  other  animal  life  during  their 
critical  periods  of  reproduction.   Investigations 
of  these  aspects  are  greatly  needed. 

I  cannot  stress  too  strongly  that  almost  any  study 
made  on  fire  and  its  relationship  to  the  inverte- 
brates will  be  a  pioneer  venture.   Practically 
everything  that  an  investigator  finds  will  be  new 
to  science. 
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POSTFIRE  SUCCESSION  OF  AVIFAUNA  IN  THE 

OLYMPIC  MOUNTAINS,  WASHINGTON 

Mark  H.  Huff,  James  K.  Agee ,  and  David  A.  Manuwal 


ABSTRACT:   The  lower  montane  zone  in  the  Olympic 
Mountains  (Olympic  National  Park)  was  selected  to 
study  fire  effects  in  west-slope  western  hemlock 
(Tsuga  heterophyila) /Douglas-fiT   (Pseudotsuga 
menziesii)    forests.   Birds  were  examined  along  a 
postfire  chronosequence :   years  1  to  3,  19,  110, 
181,  and  515.   The  objectives  of  this  research 
were  to  document  the  successional  patterns  of  a 
moist  temperate  coniferous  forest  following  large 
lightning  fires  and  to  determine  the  broad 
ecological  effects  of  fire  in  these  forests. 
Avifauna  that  commonly  breed  in  disturbance  or 
mature-type  forests  were  present  in  postfire 
years  1  to  3.   In  year  1 ,  the  breeding  density 
and  diversity  were  similar  to  the  nearby 
old-growth  (preburn)  forest.   Breeding  density 
and  diversity  decreased  in  years  2  and  3.   The 
19-year-old  site  maintained  the  highest  number  of 
species  and  second  highest  density  throughout  the 
study  areas.   Diversity  and  density  were  lower  at 
the  closed  canopy  forest,  except  in  the 
old-growth  forest  (year  515),  where  the  highest 
avian  density  was  recorded. 


INTRODUCTION 

Knowledge  of  ecosystem  processes  is  essential  for 
the  management  of  natural  resources.   Fires 
influence  forest  ecosystems  by  altering  biotic  and 
abiotic  resources,  which  in  turn  Influence  the 
characteristics  of  biological  succession.   Many 
plant  and  animal  communities  are  maintained  by 
periodic  disturbances,  and  fire  is  often  the  major 
factor  in  initiating  landscape  diversity. 

The  importance  of  fire  in  the  long-lived  forests 
of  the  Pacific  Northwest  is  poorly  understood. 
Regional  fire  history,  plant  and  animal 
associations,  and  successional  relationships  need 
to  be  determined  for  most  vegetation  types.   The 
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western  hemlock  {Tsuga  heterophiilla)  /Douglas- fir 
(Pseudotsuga  menziesii  Franco  var.   menziesii) 
vegetation  zone,  extensive  on  the  west  slope  of 
the  Olympic  Mountains  and  primarily  encompassed 
within  Olympic  National  Park  (fig.  1)  was  chosen 
as  the  study  region.   This  research  was  designed 
to  document  the  successional  patterns  of  avian 
communities  in  a  coniferous  forest  following 
large  lightning  fires  and  to  determine  the  broad 
ecological  effects  of  fire  on  bird  populations  in 
these  forests.   We  hypothesized  that  patterns  of 
avian  density,  species  composition,  and  structure 
\-ould  change  with  stand  age. 


Figure  1. — Geographic  location  of  Olympic 
National  Park. 


STUDY  REGION 

Climate 

The  Olympic  Mountains  are  an  isolated  range  of 
precipitous  peaks  situated  on  the  Olympic 
Peninsula  and  in  the  northwest  corner  of 
Washington  State  (fig.  1).   The  montane  forests 
that  grow  on  the  west  side  of  the  Olympic 
Mountains  receive  a  mean  annual  precipitation 


etween  225  and  450  cm.   Winters  are  wet  and 
lid.  Below  1969  ft  (600  m)  winter  precipitation 
s  mostly  rain.   During  the  summer  months  the 
aritime  air  keeps  the  temperature  cooler  than  in 
he  interior  regions  of  western  Washington  (Fonda 
974) .   Long  summer  droughts  are  possible  since 
he  air  remains  relatively  dry  during  this 
eriod. 


ire 


ince  1916,  when  fire  records  from  Olympic 
ational  Park  were  first  recorded,  lightning  fires 
ave  been  responsible  for  most  of  the  area  burned 
n  the  Park.   From  1916  to  1979  a  total  of  7,368 
cres  (2  984  ha)  burned;  83  percent  of  this  area 
as  burned  by  lightning  fires  (Huff  and  Agee 
980;  Pickford  and  others  1980).   Little  is  known 
bout  the  fire  history  of  the  Olympic  Mountains 
efore  historical  records  began.   In  general,  the 
crests  of  the  eastern  Olympic  Mountains  are 
ounger  than  are  those  of  the  west  side.   It  has 
een  hypothesized  that  most  of  the  eastern  slope 
urned  about  300  years  ago  (Henderson  and  Peter 
981).   In  the  western  Olympic  Mountains,  vast 
xpanses  of  old-growth  forests  are  found, 
enerally  exceeding  300  years  of  age.   The  more 
oist  conditions  on  the  west  side  have  been  an 
mportant  factor  regulating  fire  occurrence  and 
ave  made  these  forests  less  prone  to  burn. 
Istorically,  the  west-side  fires  have  occurred 
nfrequently  and  are  small  compared  to  fires  in 
ther  coniferous  ecosystems  (Heinselman  1981). 


egetation 

onda  and  Bliss  (1969)  have  identified  five 
istinct  montane  forest  communities  for  the 
orthern  and  eastern  Olympic  Mountains,  one  of 
hich,  T.    heterophylla-P.   menztesii  ,    is  common 
hroughout  the  lower  montane  forests  of  the 
estern  Olympic  Mountains.   The  T.    heterophylla- 
.  menziesii    type  is  dominated  by  these  two 
pecies,  which  comprise  80  to  90  percent  of  the 
otal  tree  density  and  basal  area  (Agee  and  Huff 
980;  Fonda  and  Bliss  1969).   Western  redcedar 
Thuga  plicata) ,   widely  distributed  in  this  type, 
arely  comprises  more  than  10  percent  of  the 
otal  basal  area  or  density.   The  shrub  and  herb 
ayer  is  poorly  developed.   Mosses  cover  most  of 
he  forest  floor,  and  only  a  few  herbaceous 
pecies  are  present. 


communities  were  sampled.   A  wide  range  of 
different-age  sites  from  recent  clearcuts  to 
old-growth  forests  were  sampled  in  western 
hemlock-Douglas-fir  forests.   The  most  common  bird 
species  were  rufous  hummingbird  (Selasporus 
rufus) ,    clearcut  to  year  50;  chestnut-backed 
chickadee  (Parus  rufesoens) ,   year  30  to  old- 
growth;  western  flycatcher  (Empidonax 
difficilis) ,    year  30  to  old-growth;  golden- 
crowned  kinglet  (Regulus  satrapa) ,   year  30  to 
old-growth;  and  winter  wren  {Troglodytes 
troglodytes) ,    all  ages.   In  general,  birds  bred 
in  a  wide  variety  of  different-age  forests,  and 
species  diversity  was  highest  in  the  uncut 
old-growth  forests. 

Response  of  avian  communities  to  wlldland 
conflagrations  has  not  been  studied  in  moist 
forests  of  the  Pacific  Northwest.   Fire-related 
bird  studies  have  been  limited  to  the  effects  of 
prescribed  burning  (Hanson  1978)  or  population 
changes  by  game  species  (Doer  and  others  1970; 
Redfleld  and  others  1970).   Outside  the  Pacific 
Northwest,  wlldland  fire-related  studies  on  avian 
communities  are  also  sparse,  however,  some  general 
trends  for  western  coniferous  forests  can  be 
synthesized  from  the  research  to  date  (Bock  and 
others  1978;  Bock  and  Lynch  1970;  Taylor  1969, 
1976;  Taylor  and  Barmore  1980).   The  first  few 
years  after  a  catastrophic  fire,  rapid  changes  in 
forest  structure  are  evident:  the  opening  of  the 
canopy  layer,  rapid  influx  of  herbs  and  shrubs, 
and  the  appearance  of  many  standing  dead  trees. 
This  is  a  sharp  contrast  to  the  structure  of  a 
preburn  forest.   As  a  consequence  of  fire,  the 
density  and  diversity  of  timber  drilling  and 
ground/brush  foraging  species  increase.   Of  the 
ground/brush  foraging  species,  insect  eaters  are 
more  numerous  than  seed  eaters.   The  flycatching 
foraging  guild  shows  only  minor  changes  in  species 
composition  and  density.   Tree  foliage  feeders 
show  sharp  decreases  (more  than  the  timber 
foraging  guild)  in  species  richness  and  density 
following  fire.   With  further  forest  serai 
development,  the  habitat  structure  changes;  avian 
response  is  reflected  in  the  reassortment  of 
species  adapted  to  the  changes  in  food  abundance 
and  cover.   Lowest  diversity  and  density  of  birds 
occurs  in  the  thick,  closed-canopy  forests.   As 
the  forest  matures,  density  and  number  of  species 
Increase,  yet  the  Increase  remains  at  a  lower 
level  than  the  precanopy  stage  of  succession. 


METHODS 


vlfauna 

nformation  of  forest  bird  communities  of  Olympic 
ational  Park  is  sparse.   The  information 
vailable  consists  only  of  a  checklist  of  relative 
bundance  for  individual  species  adapted  from 
itchin's  1949  field  guide  to  the  birds  of  the 
eglon.   Recently,  as  this  study  was  being 
nitiated,  Zarnowltz  (1982)  began  a  study  that 
easured  the  effects  of  logging  on  bird 
opulatlons  in  Olympic  National  Forest,  an  area 
ordering  Olympic  National  Park.   The  emphasis  was 
n  cavity-nesting  species;  in  addition,  avian 


Fire  effects  were  documented  using  the 
chronosequence  approach.   This  technique  assumes 
that  sites  of  different  ages  can  form  a 
chronological  sequence  if  environmental  factors 
are  controlled  carefully  to  ensure  similarity 
among  sites  (Daubenmire  1968).   A  chronosequence 
study  must  be  designed  to  reduce  sampling 
variability.   To  accomplish  this,  the  following 
assumptions  were  developed  for  the  selection  of 
sample  areas: 

1.    Similar  environmental  characteristics, 
ecological  stages  at  the  time  of  disturbance,  and 
disturbance  intensity. 


2.    Stability  of  species  and  conditions 
affecting  reestablishment .   For  the  first 
assumption  a  set  of  sample  criteria  were 
established  after  extensive  reconnaissance.   Each 
study  area  was  required  to  have  similar  (1) 
aspects  (120  to  260  degrees),  (2)  elevation  1,312 
to  2,132  ft  (400  to  650  m) ,  (3)  slopes  (40  to  70 
percent),  (A)  habitat  types  (western  hemlock- 
Douglas-fir  overstory  and  swordfern  ground  cover) 
(Franklin  and  Dyrness  1973),  (5)  fire  history 
(burned  while  in  an  old-growth  serai  stage  and 
with  extensive  overstory  mortality) .  Study  Area 


RESULTS 

Forty-eight  bird  species  were  recorded  throughout 
the  study  areas.   Only  four  species  bred  in  all 
five  study  areas:   winter  wren,  chestnut-backed 
chickadee,  hairy  woodpecker  (Picoides   villosus) , 
and  western  flycatcher.   The  results  of  the  avian 
community  data  are  presented  by  study  areas  and 
community  similarity. 


The  second  assumption  assumes  stability  of  species 
and  climate.   These  variables  are  impossible  to 
control;  therefore,  the  role  of  climate  and 
Introduced  species  must  be  carefully  considered 
when  interpreting  results. 

Five  study  areas  were  chosen  in  the  lower  montane 
zone  to  represent  different  stages  of 
postdisturbance  stand  development  over  500  to  600 
years  (cf.  Oliver  1981):   stand  initiation  (Hoh 
Fire,  years  1  to  3,  and  Queets  Fire,  year  19); 
stem  exclusion  (North  Fork  Fire,  year  110); 
understory  reinitiation  (Mineral  Creek  Fire,  year 
181);  and  old-growth  (Olympus  Guard  Fire,  year 
±515). 

In  each  study  area,  one  bird  plot  was  established 
to  census  breeding  avifauna.   Each  bird  plot  was 
relatively  homogenous  in  vegetative  composition 
and  structure.   Adverse  terrain  prevented  the  bird 
plots  from  being  equal  in  size,  but  all  plots  were 
between  25  and  30  acres  (10  to  12  ha). 

The  spot  map  method  (Kendeigh  1944;  Williams 
1936),  in  which  bird  sightings  and  vocalizations 
are  recorded  on  grid  maps  for  each  bird  plot,  was 
used  as  the  census  technique.   Bird  species,  sex, 
nest  site,  directional  movement,  and  breeding 
behavior  (for  example,  song  or  aggressive 
interaction)  were  noted. 

Censuses  were  conducted  during  the  peak  activity 
for  most  species — 0515  to  1000  hours.   Because  of 
steep  and  dissected  terrain,  a  bird  plot  census 
took  3  to  4.75  hours  and  one  plot  was  completed 
per  day.   A  census  of  each  bird  plot  was  taken 
eight  times  spread  over  the  breeedlng  season 
(April  15  to  July  4).   A  total  of  80  censuses  were 
made:   16  in  1979,  32  in  1980,  and  32  in  1981. 


Study  areas  by  avian  sample  years 


Study  Area 

Hoh  Fire 
Queets  Fire 
North  Fork  Fire 
Mineral  Creek  Fire 
Olympus  Guard  Fire 


Breeding  Season 


1979 


1980 

X 
X 

X 

X 


1981 


Breeding  season  in  which  bird  samples  were 
taken. 


Hoh  Fire  (years  1  to  3.  1979-81 )— Despite 
immediate  and  extensive  tree  mortality  from  the 
Hoh  Fire,  during  the  first  2  years  as  many  bird 
species  were  breeding  on  the  Hoh  Fire  plot  as  in 
the  nearby  (unburned)  515-year-old  forest  (see 
fig.  2).   After  year  2,  the  diversity  dropped  from 
14  to  11  species.   In  years  1  to  3,  avifauna  that 
commonly  breed  in  either  disturbance  or  mature 
type-forests  were  present.   Fewer  mature  forest 
species  that  were  present  after  the  fire  bred  in 
year  3;  those  missing  included  the  golden-crowned 
kinglet,  Steller's  jay  {Cyanoaitta  stelleri) ,   and 
varied  thrush  (Ixereus  naevius) . 


12  3   19   110   181     515 
AGE  OF  SAMPLE  AREA 

Figure  2. — Density  and  diversity  of  breeding  birds 
by  sample  area. 


The  bird  community  at  the  Hoh  Fire  year  1  had  more 
dominant  species  (a  species  with  a  breeding 
density  exceeding  10  pairs/100  acres  (40  ha)) 
than  any  other  study  area  (table  1).   These  same 
species  were  dominant  species  in  years  2  and  3, 
except  the  chestnut-backed  chickadee,  blue  grouse 
(Dendragapus  obsourus) ,    and  western  flycatcher  in 
year  3.   Winter  wrens  were  the  most  abundant 
species  In  all  three  breeding  seasons  (24.9,  29.9, 
and  44.8  pairs/100  acres  [40  ha]  respectively). 
In  year  3,  nearly  three  times  as  many  winter 
wrens  were  present  than  the  next  most  numerous 
species,  the  dark-eyed  junco  (Junco  hyemalis) . 
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Table  1. — Dominant  breeding  birds  on  the  burn  plots 


Density  dominance  (>10  pairs/100  ac  (40  ha)) 


HOH  FIRE  1 

1.  Winter  wren 

2.  Western  flycatcher 

3.  Dark-eyed  junco 

A.   Chestnut-backed  chickadee 

5.  Blue  grouse 

6.  Brown  creeper 

QUEETS  FIRE  19 

1.  Dark-eyed  junco  (+) 

2.  Rufous  hummingbird  (+) 

3.  American  robins  (+) 


OLYMPUS  GUARD  FIRE  515 

1.  Western  flycatcher  (+) 

2.  Winter  wren  (±) 

3.  Chestnut-backed  chickadee  (+) 
A.  Brown  creeper  (+) 


HOH  FIRE  2 

1 .  Winter  wren  (+) ^ 

2.  Dark-eyed  junco  (+) 

3.  Brown  creeper  (+) 

A.   Western  flycatcher  (-)^ 
5.   American  robin  (±) 


NORTH  FORK  FIRE  110 

1 .  Winter  wren  (+) 

2.  Golden-crowned  kinglet  (+) 

3.  Townsend's  warbler  (+) 

A.   Chestnut-backed  chickadee  (+) 
5.   Western  flycatcher  (+) 


HOH  FIRE  3 

1 .  Winter  wren(+) 

2.  Dark-eyed  junco  (-) 

3.  American  robin  (+) 
A.  Brown  creeper  (-) 


MINERAL  CREEK  FIRE  181 

1.  Western  flycatcher  (+) 

2.  Winter  wren  (±) 

3.  Chestnut-backed  chickadee  (+) 
A.  Golden-crowned  kinglet  (±) 


^  Increase. 
^  Decrease. 
^  No  change. 


This  was  the  highest  breeding  density  of  any 
species  recorded  during  the  study.   In  year  1, 
the  breeding  density  of  western  flycatchers  was 
21,9  pairs/100  acres  (AO  ha),  but  they  decreased 
50  percent  by  year  2  and  were  scarcely  observed 
in  year  3  (2.0  pairs/100  acres  (40  ha)).   This 
species  is  a  common  bird  of  mature  and  old-growth 
forests;  it  was  affected  more  negatively  by 
habitat  modifications  from  the  fire  than  any 
other  species. 

Initially,  the  Hoh  Fire  did  not  alter  the  total 
density  of  birds  but  did  affect  species 
composition.   The  breeding  densities  of  the 
old-growth  (preburn)  forest  and  Hoh  Fire  year  1 
were  virtually  identical,  at  approximately  128 
pairs/100  acres  (AO  ha).   In  year  2,  the  total 
density  decreased  10  percent  and  another  7 
percent  in  year  3.   During  this  period,  the  bird 
density  in  the  old-growth  forest  increased  A  and 
17  percent,  respectively. 


Queets  Fire  (year  19,  1980). — This  plot  consisted 
of  a  dense  to  partially  open  cover  of  small  trees, 
highly  diverse  herbs  and  shrubs,  and  ample, 
well-decayed  snags  in  an  open  setting.   This 
strikingly  diverse  habitat  attracted  the  highest 
number  of  breeding  (17)  species,  and  the  second 
highest  total  breeding  density  (134.3  pairs/100 
acres  (AO  ha)),  even  though  the  fewest  number  of 
dominant  species  (3)  were  recorded  at  this  study 
area  (table  1).   The  dark-eyed  junco  had  the 


highest  density  (28. A  pairs/100  acres  (40  ha)), 
slightly  more  than  the  Hoh  Fire  population. 
Because  young  burns  and  large  open  spaces  are 
rare  within  the  western  Olympic  Mountains,  the 
density  of  rufous  hummingbirds  on  the  19-year-old 
plot  was  probably  the  highest  anywhere  on  the 
west  slope  of  Olympic  National  Park.   At  this 
site,  hummingbirds  were  common  for  at  least  two 
reasons:   the  diversity  of  flowering  herbs  and 
shrubs  (nectar  feeding)  and  the  open  space  which 
benefited  their  courtship  behavior  (large 
circular  aerial  displays).   Winter  wren,  the  most 
common  bird  in  a  montane  sere,  had  lower 
densities  at  this  stage  of  succession. 

Woodpeckers  were  rarely  observed  during  this  study 
except  on  the  Queets  Fire  plot,  where  four  species 
were  recorded:   northern  flicker  (Cotaptes 
auatus) ,  pileated  woodpecker  (Dryoaopus 
pileatus) ,   yellow-bellied  sapsucker  (Sphyrapicus 
varius) ,  and  hairy  woodpecker  (Picoides 
villosus) . 


North  Fork  Fire  (year  110,  1981). — The  most 
depauperate  bird  community  was  observed  in  year 
110.   The  lowest  number  of  breeding  species  (10) 
and  density  (97.5  pairs/100  acres  (AO  ha))  were 
recorded  (fig.  2).   Certain  characteristics  of 
this  study  area  may  have  made  it  less  attractive 
to  birds:   (1)  a  high  density  of  relatively 
uniform-size  trees,  (2)  small  snags,  and  (3)  lack 
of  diverse  vertical  structure  (a  one-layered 
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canopy  and  poorly  developed  understory) .   For 
example,  the  110-year-old  site  had  the  highest 
density  of  snags  yet  the  lowest  diversity  and 
density  of  hole-nesting  avifauna.   The  absence  of 
certain  unidentified  food  resources  may  be  the 
most  critical  factor. 

Despite  the  sparse  understory,  the  winter  wren,  an 
understory  species,  was  the  numerical  dominant 
(table  1).   Only  33  percent  of  the  total  bird 
community  regularly  lived  within  the  understory 
component,  and  the  winter  wren  composed  80  percent 
of  that.   The  other  dominants  were  canopy 
dwellers:   golden-crowned  kinglet,  Townsend's 
warbler  (Dendroica   toimsendi) ,  chestnut-backed 
chickadee,  and  western  flycatcher.   Over  half  of 
the  total  birds  lived  in  the  tree  canopy.   The 
townsend's  warbler  was  the  only  species  to  attain 
its  highest  density  in  the  110-year-old  forest. 


Mineral  Creek  Fire  (years  181  &  182,  1980-81).— 
Structurally,  the  181-year-old  plot  was  most 
similar  to  the  110-year-old  site,  but  the  trees 
were  larger,  understory  more  developed,  and 
greater  vertical  structure  e:;isted  in  the  canopy 
layer.   Eleven  species  bred  on  this  plot,  one  more 
than  the  110-year-old  site;  however,  the  density 
was  15  percent  higher  (fig.  2).   The  same  species 
as  on  the  110-year-old  site  (western  flycatcher, 
winter  wren,  chestnut-backed  chickadee,  and 
golden-crowned  kinglet)  were  numerically  dominant, 
except  for  Townsend's  warbler.   At  this  stage  of 
succession,  the  western  flycatcher  and  winter  wren 
were  equally  the  most  common  species  (2-year 
mean  =  26.1  pairs/100  acres  (40  ha)).   In 
addition,  most  of  the  species  that  bred  at  lower 
densities  (<10  pairs/100  acres  (AO  ha))  were 
present  at  both  the  100-  and  181-year-old  sites. 

Golden-crowned  kinglets  attained  their  highest 
density  in  the  Mineral  Creek  study  area;  however, 
significant  fluctuations  were  observed  between 
breeding  seasons.   An  eightfold  increase  in 
kinglet  density  was  observed  between  1980  and 
1981.   A  smaller  population  explosion  of 
golden-crowned  kinglets  was  recorded  on  the 
515-year-old  plot  during  the  same  time  period. 


Olympus  Guard  Fire  (±  515,  1979-81)  .—The 
515-year-old  site  was  used  extensively  by  many 
breeding  and  transient  species.   The  old-growth 
forest  offers  habitat  heterogeneity,  which  was 
poorly  developed  in  the  100-  and  181-year-old 
sites.   It  included  a  wide  diversity  of  tree  sizes 
from  small  to  large,  a  higher  density  of  shrub 
cover,  large  snags  and  logs  on  the  forest  floor, 
and  massive  foliar  biomass  in  canopy  dominants. 

At  this  stage  of  succession,  western  flycatcher, 
winter  wren,  and  chestnut-backed  chickadee,  plus 
the  brown  creeper  (Certhia  familiavis)   were 
numerically  dominant.   The  western  flycatcher 
bred  at  the  highest  density  (3-year  average  = 
36.5  pairs/100  acres  (40  ha)),  noticeably  more 
than  the  next  most  common  species,  the  winter 
wren  (3-year  average  =  27.4  pairs/100  acres  (40 
ha)).   Compared  to  the  110-  and  181-year-old 


forests,  more  bird  species  reached  their  highest 
population  level  in  the  old-growth  forest: 
western  flycatcher,  chestnut-backed  chickadee, 
brown  creeper,  and  varied  thrush.   In  addition, 
total  density  of  hole-nesting  birds  was  maximized 
on  the  515-year-old  plot.   The  total  density  of 
birds  increased  each  breeding  season  from  1979  to 
1981;  however,  no  species  increased  in  population 
all  three  seasons.   The  1981  census  showed  the 
highest  density  of  birds  recorded  during  the 
study  149.5  palrs/100  acres  (40  ha)). 


Community  Similarity 

Similarity  of  species  composition  between  sample 
areas  and  breeding  seasons  was  examined.   Nearly 
all  of  the  coef f icient-of-community  values  were 
above  50  percent  (see  table  2) ,  meaning  that  more 
similarity  than  dissimilarity  existed.   Of  all  thi 
sample  areas,  the  Queets  Fire  (19-year-old  site) 
avifauna  was  the  most  dissimilar.   Compared  to  thi 
other  study  areas,  the  Queets  Fire  habitat  was 
unique;  it  Included  many  small  trees  in  open  and 
dense  patches,  a  lush  herbaceous  and  shrub 
component,  and  the  lack  of  tree  canopy.   The  avia 
community  of  the  19-year  -old  site  most  closely 
resembled  the  other  open  plot  sampled  at  the  Hoh 
Fire  site.   The  bird  community  of  the  Hoh  Fire  3 
was  more  closely  related  to  the  Queets  Fire 
avifauna  than  was  Hoh  Fire  years  1  and  2.   Hoh 
Fire  years  1  and  2  resembled  the  avifauna  of  the 
old-growth  (prefire)  plot  more  than  the 
19-year-old  burn. 

Similarity  was  highest  within  the  closed  forests: 
North  Fork  (110),  Mineral  Creek  (181),  and  Olympu 
Guard  (515)  study  areas.   Even  though  more  than 
300  years  of  serai  development  separated  the 
Mineral  Creek  and  Olympus  Guard  sites,  the 
similarity  of  species  was  over  90  percent. 

The  similarity  between  sample  years  was  10  to  21 
percent  higher  in  the  closed  forest  sites 
(Mineral  Creek  and  Olympus  Guard  Fires)  than  the 
Hoh  Fire  plot  (table  2).   At  both  the  Olympus 
Guard  and  Hoh  Fire  sites,  however,  the  similarity 
was  higher  between  successive  breeding  seasons 
(year  1  and  year  2  or  year  2  and  year  3)  than 
alternate  breeding  seasons  (year  1  and  year  3) . 


DISCUSSION 

We  hypothesized  that  bird  populations  would  chang 
significantly  with  respect  to  stand  age  (time 
since  last  burn) .   Because  of  the  rapid  shifts  in 
species  composition  and  density,  the  changes  were 
more  evident  during  the  pioneer  stages  of 
succession.   During  the  first  few  years  after  a 
fire  there  is  an  influx  of  new  species  (not 
commonly  found  in  the  old-growth  forest) 
intermixed  with  most  of  the  "old-growth"  type 
species.   The  burned  habitat  goes  through  rapid 
physical  and  biological  changes  not  characteristl 
of  an  old-growth  forest;  it  is  likely  that  the 
burned  forest  harbors  relatively  unstable  food 
resources. 
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Table  2. — Matrix  of  coefficients  of  community^  for  breeding  avifauna 


Sample 

site 

year 

HF 

1 

1979 

HF 
1979 

HG 

1980 

81.5 

HF 
1981 

75.0 

QF 
1980 

60.0 

NFF 
1981 

60.9 

MCF 
1980 

66.7 

MCF 
1981 

66.7 

OGF 
1979 

66.7 

OGF 
1980 

66.7 

OGF 
1981 

69.2 

HF 

HF 

QF 

NFF 

MCF 

MCF 

2 

3 

19 

110 

181 

182 

1980 

1981 

1980 

1981 

1980 

1981 

80.0 


64.5 


58.3 


64.0 


80.0 


71.4 


78.4 


il.5 


64.3 


47.6 


54.5 


54.5 


56.0 


56.0 


58.3 


37.0 


37.0 


50.0 


51.6 


51.6 


53.3 


76.2 


76.2 


75.0 


66.7 


69.6 


90.0 


80.0 


80.0 


83.3 


OGF        OGF 
±515       ±515 
1979       1980 


80.0 


80.0 


91.7 


92.6 


1.9 


96.3 


1         •  2c 

^Percent  similarity  =  x  100  where  c  =  number  of  species  in  common  between  study  areas  a  and  b; 


a+b 


a  =  number  of  species  in  study  area  a;  b  =  number  of  species  in 
study  area  b. 


Taylor  and  Barmore  (1980)  studied  bird  populations 
along  a  postfire  vegetation  sequence  ranging  from 
1  to  304  years  in  Yellowstone  and  Grand  Teton 
National  Parks.   They  grouped  birds  in  order  of 
appearance  and  disappearance  in  the  time  sequence. 
More  species  were  unique  to  the  early  stages  (1 
to  17  years)  than  to  the  later  stages  (111  to 
304)  years  of  succession.   Forty-three  percent  of 
the  birds  in  the  early  successional  plots  bred 
only  on  these  plots;  on  the  contrary,  7  percent 
of  the  late  successional  species  bred  only  in  the 
late  successional  plots.   In  comparing  the  bird 
populations  in  the  Olympic  Mountains,  a  somewhat 
similar  trend  was  detected:   30  percent  and  11 
percent,  respectively,  but  the  percentage  of  early 
successional  birds  was  noticeably  higher  in 
Yellowstone  and  Grand  Teton  National  Parks. 
Because  fires  occur  more  frequently  in  this 
region  of  the  Rocky  Mountains  (Romme  1982),  more 
habitat  is  available  for  species  that  prefer 
recently  disturbed  over  not  recently  disturbed 
habitats.   This  attracts  more  species  that 
specialize  in  early  serai  stages,  more  so  than 
the  Olympic  Mountains  where  fire-disturbed 
habitat  is  sparsely  distributed. 


Bock  and  Lynch  (1970)  censused  bird  populations 
in  a  Firms  jeffreyi/ Abies  coneolor   forest  6  to  8 
years  after  a  fire  along  with  a  mature  forest 
(preburn)  control  plot.   After  7  years  elapsed, 
these  plots  were  remeasured  (year  15)  (Bock  and 
others  1978).   The  changes  in  bird  species  in  the 
two  sampling  periods  were  far  greater  on  the  burn 
plot  than  in  the  mature  forest.   On  the  burn  in 
year  8,  the  avian  species  more  closely  resembled 
those  in  the  mature  forest  than  those  in  the 
15-year-old  forest.   The  habitat  structure  by  year 
15  was  so  different  from  the  preburn  forest 
(control  plot)  that  a  distinct  avian  community  had 
developed. 

In  the  Olympic  Mountains,  as  in  the  California 
plots,  there  is  a  high  similarity  between  the  bird 
species  breeding  in  the  early  postfire  plots 
(years  1  to  3)  and  the  preburn  forest  (year  515), 
more  so  than  the  bird  species  breeding  at  year  19. 
Unlike  the  California  plots,  avian  diversity  was 
much  lower  in  the  early  postfire  plot  compared 
with  further  successional  development  in  year  19; 
however,  since  postfire  revegetation  is  so  slow 
in  the  Oljonplc  Mountains,  a  19-year-old  forest 
may  structurally  resemble  a  considerably  younger 
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forest  in  California.   If  so,  a  longer  period  of 
high  avian  diversity  can  be  expected  with  a  slow 
reestablishment  period  in  the  Olympic  Mountains. 
Once  a  full  tree  canopy  develops  in  the  Oljnnpic 
Mountains,  there  are  few  changes  in  bird  species 
composition.   Even  though  a  forest  may  develop 
over  several  centuries,  the  type  of  species 
breeding  in  these  seres  changes  very  little. 


CONCLUSIONS 

1.  Relatively  few  bird  species  breed  in 
the  montane  forests  of  the  Olympic  Mountains. 

2.  Because  fire  modifies  the  vegetation 
composition  and  structure,  there  are  changes  in 
density  and  species  composition  of  the  bird 
communities. 

3.  A  unique  avifauna  bred  on  the  younger 
burns;  however,  species  that  commonly  breed  in  a 
preburn  forest  also  breed  in  the  very  early 
postburn  forest. 

A.    The  highest  diversity  of  birds  occurs 
in  the  19-year-old  forest  and  the  highest  density 
in  the  old-growth  forest. 

5.  The  most  common  species  in  the  montane 
forest  sere  are  the  winter  wren  (young  and  old 
sites)  and  western  flycatcher  (primarily  110-, 
181-,  and  515-year-old  sites). 

6.  During  the  early  stages  of  succession, 
populations  of  western  flycatcher  are  negatively 
affected  by  fire  more  than  other  species. 

7.  Fire  enhances  the  habitat  resources  for 
ground/brush-foraging  species;  increased 
diversity  and  density  of  this  guild  are  observed 
in  the  first  few  years  after  fire. 
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FIRE'S  EFFECTS  ON  A  SHALL  BIRD  POPULATION 
L.  Jack  Lyon  and  John  M.  Marzluff 


ABSTRACT:   Changes  in  bird  populations  as  a  result 
of  a  122  ha  forest  fire  are  evaluated.   There  is 
little  evidence  of  any  drastic  effect  on  numbers 
of  birds,  species,  or  species  diversity  in  the 
year  of  the  fire  or  2  years  later. 


INTRODUCTION 

The  influence  of  fire  on  small  bird  populations  is 
most  often  visualized  in  the  context  of  the  Smokey 
Bear  poster  showing  a  female  robin  on  the  nest — 
and  the  obvious  implication  that  the  bird,  and  the 
eggs  or  young,  will  be  burned  to  a  crisp  if  someone 
is  careless  with  matches.   A  somewhat  more  prag- 
matic view  suggests  that  direct  mortality,  even  in 
large  forest  fires,  is  a  relatively  unusual  event 
(Vogl  1967;  Phillips  1965;  Stoddard  1963).   Never- 
theless, modification  of  important  niches  in  the 
habitat  might  be  as  lethal  as  fire  if  the  bird  is 
unable  to  find  other,  equally  suitable,  places  to 
feed  and  nest.   Bendell  (1974),  for  example, 
concluded  that  bird  species  that  forage  on  the 
tree  trunk  and  in  the  canopy  may  be  eliminated 
from  burned  areas  but  that  ground  feeders  may  be 
attracted  and  benefited.   Overall,  his  summary  of 
22  reported  studies  suggests  remarkable  stability, 
although  the  postfire  avifauna  might  be  slightly 
richer.   There  is  also  some  possibility  of  a  shift 
to  larger  birds  (Bock  and  Lynch  1970;  Martin  1960). 


STUDY  DESCRIPTION 

Study  Areas 

As  a  part  of  an  exploratory  investigation  of  small 
bird  habitat  utilization  on  the  Lolo  National 
Forest  in  1979,  we  selected  21  representative  5-ha 
study  sites  in  the  Lolo  Creek  drainage.   Our  loca- 
tions included  habitats  varying  from  ponderosa  pine 
(Pinus  ponderosa)    types  at  1  052  m  to  Engelmann 
spruce  {Picea  engelmannii) -suhalpine   fir  (Abies 
lasiocarpa)    types  at  1  628  m.   Representative 
forest  communities  ranging  from  clearcuts  to  old- 
growth  timber  stands  were  selected.   Results  of 
the  first  year  of  study  were  reported  by  Marzluff 
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and  Lyon  (1981,  1983).   Field  work  was  repeated  ii 
1981  on  the  same  areas  by  Lucia  Settimi  under  a 
contract  with  the  U.S.  Department  of  Agriculture, 
Forest  Service,  Intermountain  Forest  and  Range   ' 
Experiment  Station. 

On  July  20,  1979,  two  of  the  study  areas  burned  it: 
a  forest  fire.   The  burned  area  was  relatively 
small  (122  ha),  but  the  fire  was  intense,  and  it 
appeared  to  destroy  all  green  vegetation  at  grounc 
level  and  many  of  the  tree  tops.   In  this  paper, 
we  report  the  immediate  response  of  birds  to  this 
drastic  change  in  the  environment  and  the  appareni 
effect  on  bird  populations  2  years  later. 

Of  the  21  areas  on  which  birds  were  counted,  none 
were  considered  directly  comparable  to  the  two 
that  burned.   The  Mill  Creek  upland  site  that 
burned  (MCB)  was  located  adjacent  to  another 
upland  site  with  fewer  trees  but  in  a  similar 
forest  community.   This  area.  Mill  Creek  unburned ' 
(MCU) ,  was  not  disturbed  in  the  fire.   The  Mill 
Creek  riparian  area  (MCR) ,  so  designated  because 
of  its  location  on  the  first  bench  above  the  creel 
was  virtually  unique;  however,  we  had  another  are; 
about  14  km  away,  near  the  Lewis  and  Clark  camp- 
ground (LCC)  that  was  also  adjacent  to  a  flowing 
stream.   For  comparative  purposes  in  these 
analyses,  we  have  included  both  burned  and 
unburned  areas,  but  it  should  be  recognized  that 
the  four  study  sites  are  only  comparable  in  that 
all  are  south  of  Lolo  Creek  on  generally  north 
aspects,  all  were  unlogged  until  after  the  fire, 
and  all  are  in  a  similar  forest  community  mostly 
dominated  by  Douglas-fir.   All  areas  were 
classified  as  T)ouglas-fir /Physocarpus  malvaceous 
habitat  types  (Pf ister  and  others  \911) ,  although 
MCR  and  LCC  both  had  some  Engelmann  spruce  and 
several  species  of  large  shrubs  that  indicate  a 
slightly  more  mesic  condition  than  the  two  upland 
sites,  MCB  and  MCU. 


Field  Methods 

Bird  censuses  were  taken  in  both  years  of  study  at 
about  2-week  intervals  in  the  period  between  June 
15  and  September  15.   Working  between  a  half  hour 
before  sunrise  and  noon,  observers  walked  slowly 
along  a  transect  500  m  in  length  and  recorded  all 
birds  seen  or  heard  within  a  belt  approximately 
100  m  wide.   A  3-minute  pause  at  each  of  20 
permanently  marked  transect  points  allowed  the 
observer  to  carefully  scan  the  area  for  nonsinginj 
or  inactive  birds. 

Vegetation  data  were  recorded  in  each  of  20 
circular  plots,  5.6  m  in  radius  (100  m^),  spaced 
at  25  m  intervals  along  the  transect.   Data 
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included  categorical  classifications  for  percentage 
:over  (0  =  0%,  1  =  <5%,  2  =  5-25%,  3  =  25-50%,  4  = 
50-75%,  and  5  =  >75%)  within  each  of  six  vertical 
intervals  (0,0-0.5  m;  0.5-1.5  m;  1.5-2.5  m;  2.5- 
3.0  m;  8-25  m;  and  >25  m) ;  number  of  live  and  dead 
stems  in  six  diameter  classes  (0-2  cm,  2-5  cm,  5-10 
2in,  10-25  cm,  25-50  cm,  and  >50  cm);  live  and  dead 
basal  area;  counts  of  dead  and  down  stems;  slope; 
aspect;  and  elevation.   Vegetation  sampling  was 
repeated  in  1981  to  detect  any  permanent  changes 
in  habitat  structure.   We  are  indebted  to  Kenneth 
Pitt  for  completing  the  1981  sampling  under  the 
k'olunteers  in  Service  program  of  the  U.S. 
Department  of  Agriculture,  Forest  Service. 


j^nalyses 

Irhe  test  hypothesis  of  primary  interest  was 
i^hether  numbers  of  birds  or  the  bird  community 
structure  were  significantly  changed  as  a  response 
|to  changes  in  the  habitat.   Initial  examination  of 
the  data,  however,  revealed  substantial  changes  in 
species  composition  during  the  2-week  observation 
:ycles  and  a  significant  decline  in  numbers  of 
i5irds  observed  in  the  second  year  of  study.   Thus, 
it  became  necessary  to  compare  all  analyses  on  the 
jurned  areas  with  similar  analyses  of  comparable 
jnburned  areas  in  an  attempt  to  recognize  changes 
unrelated  to  the  fire.   Data  were  compiled  and 
;2xamined  with  variance  analysis  in  matrixes  using 
;ombinations  of  the  following  categories  two  at  a 
i:ime: 

Season,  N=6  (June,  July  A  and  B,  August  A  and 

B,  September) 
Guild,  N=8  (feeding  guilds,  see  footnote, 

table  3) 
Area,  N=4  (two  burned,  two  unburned) . 

|[n  a  few  instances,  it  was  possible  to  combine  two 
selected  categories  with  years  in  a  three-way 
factorial  analysis;  however,  this  design  was  not 
;onsidered  statistically  acceptable  if  it  forced 
is  to  interpret  first-  or  second-order 
Interactions  that  were  even  slightly  obscure. 
?hus,  our  analyses  are  broken  up  into  a  series  of 
;maller  analyses  rather  than  the  large  factorial: 
fears  X  Areas  X  Seasons  X  Guilds. 

iach  variance  analysis  was  replicated  to  test  for 
iifferences  in  numbers  of  birds  recorded,  numbers 
5f  species  recorded,  and  average  weights  of  birds 
)bserved.   We  also  examined  changes  in  species 
;omposition  of  bird  populations  observed  on  each 
area  by  season  and  calculated  the  Shannon/Weiner 
liversity  index  (see  Krebs  1972:506)  for  each 
replication  in  an  Area  X  Season  matrix. 


;TUDY  RESULTS 

changes  in  Available  Habitat 

\11  study  transects  were  evaluated  in  1979  and 
igain  in  1981  to  determine  changes  related  to 
vegetation  regrowth  and/or  salvage  logging. 
Werages  for  cover  category  estimates,  stem 


densities,  and  basal  areas,  1979  and  1981,  on  four 
study  areas  are  presented  in  table  1. 

A  common  perception  about  the  effects  of  fire  in  a 
coniferous  forest  is  that  the  postfire  community 
will  consist  of  blackened  stems  with  bare  branches. 
In  fact,  unless  a  forest  fire  sweeps  through  the 
crowns,  it  is  possible  to  kill  the  trees  without 
even  removing  the  needles.   For  some  period  after 
the  fire,  the  ground  surface  may  be  blackened  and 
bare,  but  the  cover  above  ground  level,  and 
particularly  above  1.5m  may  not  be  perceptibly 
different  than  before  the  fire.   As  a  general 
rule,  needles  scorched  by  ground  fires  will  turn 
brown  in  the  first  2  weeks,  and  in  some  cases 
the  scorched  trees  may  even  recover. 

Both  burned  areas  in  this  study  retained  some 
cover  at  all  levels  following  the  fire.   The  most 
noticeable  characteristics  of  the  burned  areas  in 
mid-August  1979  were  a  broad  layer  of  ash  2  to 
5  cm  deep,  and  a  lack  of  green  vegetation  below 
2.5  m,  but  there  were  small  patches  of  unburned 
vegetation  at  ground  level  and  considerable  amounts 
of  green  canopy  interspersed  with  the  brown-needle 
cover  above  2.5  cm.   Three  sample  points  on  MCB 
remained  unburned,  and  although  the  majority  of 
tree  boles  were  scorched  on  both  transects,  the 
crowns  of  some  mature  trees  were  still  green  3 
weeks  after  the  fire.   The  immediate  habitat 
change  on  MCR  was  somewhat  greater  than  on  MCB 
because  the  preburn  community  had  an  understory 
component  of  large  shrubs.   These  lost  all  their 
foliage  even  though  many  of  the  stems  were  still 
present . 

In  the  18  months  following  the  fire,  the  landowner 
completed  a  salvage  logging  operation  in  which  the 
majority  of  the  larger  trees  were  removed.   About 
the  same  basal  area  was  removed  from  both  areas, 
but  MCB  had  fewer  stems  in  the  large-diameter 
classes,  and  as  a  result,  the  remaining  forest 
stand  in  1981  was  similar  to  the  undisturbed  area 
MCU  except  for  a  greater  basal  area  of  snags.   By 
contrast,  the  riparian  burned  area,  MCR,  was 
almost  completely  salvage  logged.   The  removal  of 
all  stems  over  15  cm  resulted  in  a  substantial 
loss  of  both  tree  cover  and  basal  area.   By  1981, 
however,  the  shrub  understory  had  resprouted,  and 
cover  up  to  a  height  of  about  1.5m  was  only 
slightly  less  than  that  recorded  before  the  fire. 

In  addition  to  structural  changes  in  the  habitat, 
we  also  noticed  an  immediate  postfire  increase  in 
apparent  numbers  of  a  variety  of  insects  that  had 
not  been  commonly  observed  before  the  fire. 
Charles  F.  Tiernan,  Forest  Service  entomologist, 
conducted  a  brief  survey  of  the  burned  area  for 
us,  and  reported  intense  insect  activity  involving 
at  least  four  species  of  wood  borers  (genera 
BuprestiSj   Monoehamus,    Neoclytus,    and  Agrilus) ; 
ichneumonid  females  (parasites  of  wood  borers) ; 
and  predaceous  flies  of  the  families  Therevidae 
and  Asilidae.   Attraction  of  insects  to  either  the 
smoke  or  heat  of  forest  fires  has  previously  been 
reported  (Evans  1971).   On  both  of  the  burned 
study  areas,  we  observed  almost  frenetic  feeding 
activity  among  warblers  and  a  few  species  of 
woodpeckers . 
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Table  1. — Cover  category  means,  number  of  stems,  basal  area  and  snag  basal  area  on 
four  study  areas  in  the  Lolo  Creek  drainage,  1979  and  1981 


f 


Mill 

Creek- 

Mill 

Creek- 

Mill 

Creek- 

Lewis 

&  Clark 

Bu 

rned 

Unh 

)urned 

Riparian 

Campg 

,round 

Area 

1979 

1981 

1979 

1981 

1979 

1981 

1979 

1981 

Average  cover ^ 

25  m+ 

0.10 

0.05 

0.05 

0.05 

0.25 

0.00 

0.00 

0.00 

8.0-25  m 

0.95 

0.75 

0.80 

0.80 

1.35 

0.05 

1.85 

1.85 

2.5-8.0  m 

2.15 

1.40 

0.95 

0.95 

1.80 

0.15 

2.10 

2.10 

1.5-2.5  m 

1.20 

1.25 

0.85 

1.00 

2.25 

0.50 

1.45 

1.45 

0.5-1.5  m 

1.55 

1.50 

1.55 

1.55 

3.15 

2.10 

1.85 

1.85 

0.0-0.5  m 

A. 95 

5.00 

5.00 

5.00 

5.00 

4.90 

4.90 

4.90 

Numbers  of 

Stems/ 

100  m2 

50  cm+ 

0.05 

0.00 

0.05 

0.00 

0.15 

0.00 

0.00 

0.00 

25-50  cm 

0.30 

0.05 

0.20 

0.20 

1.05 

0.00 

1.10 

1.10 

10-25  cm 

3.90 

0.90 

1.25 

1.50 

2.40 

0.10 

5.45 

5.50 

5-10  cm 

A. 90 

1.25 

0.90 

1.15 

1.30 

0.15 

3.95 

3.85 

2-5  cm 

3.45 

0.65 

1.00 

1.30 

0.70 

0.10 

1.95 

1.50 

<2  cm 

2.85 

0.20 

2.10 

2.15 

1.20 

0.00 

0.65 

0.50 

Basal  area 

m^/ha 

3.27 

0.48 

0.94 

1.06 

2.94 

0.01 

4.35 

4.27 

Snag  basal 

area,  m 

2 /ha 

0.29 

1.32 

0.09 

0.14 

0.38 

0.57 

0.46 

0.42 

^Cover  categories  scaled  0-5: 
5  =  >  75%. 

Changes  in  Bird  Species  and  Numbers 


0,  1  =  <  5%,  2  =  5%-25%,  3  =  25%-50%,  4  =  50%-75%, 


In  the  initial  analy 
area  was  examined  in 
Guilds.  This  analys 
informative.  Almost 
significant  differen 
differences  among  se 
observations  on  all 
including  insect  fee 
more  species  than  al 


sis  of  variance,  each  study 

a  6  X  8  matrix  of  Seasons  X 
is  did  not  prove  to  be 
without  exception,  there  were 
ces  among  guilds  and  no 
asons .   Throughout  all 
study  areas,  the  two  guilds 
ders  contained  more  birds  and 
1  other  guilds  combined. 


Analysis  of  the  4X6  matrices  of  Areas  X  Seasons 
was  more  revealing.   In  1979,  an  average  replicate 
produced  observations  of  36  birds  of  10  species 
(table  2).   In  1981,  the  overall  means  dropped  to 
20  birds  and  8  species.   Seasonal  differences  were 
significant  only  in  1979,  but  a  consistency  can  be 
detected  in  both  years.   Immediately  following  the 
fire,  in  1979,  there  was  a  significant  depression 
in  numbers  of  birds  seen  and  a  concurrent 
depression  in  the  numbers  of  species.   This 
depression  occurred  on  both  the  burned  and 
unburned  areas,  although  it  appeared  to  be 
slightly  more  severe  in  the  burn.   A  similar 
depression  was  recorded  2  weeks  earlier  in  1981, 
and  in  both  years,  the  depressed  counts  were 
followed  by  substantially  increased  counts  as 
immature  birds  and  family  groups  began  to  move 
about  and  flock  before  migration.   Because  the 
immediate  postfire  decline  was  slightly  greater  on 
burned  areas,  the  increases  also  seem  larger  for 
the  burn,  but  there  is  actually  nothing  in  these 
data  to  indicate  that  the  burn  was  anything  more 


or  less  than  a  favorable  transitory  hunting 
opportunity.   In  1981,  the  four  species  primarily 
involved  in  the  apparent  increases  repeated 
similar  patterns  of  increased  abundance  in  late 
August,  although  actual  numbers  were  somewhat 
subdued  because  of  an  overall  decline  in 
insectivorous  birds.   Numbers  of  chipping 
sparrows,  yellow-rumped  warblers,  golden-crowned 
kinglets,  and  Townsend's  warblers  increased 
dramatically  during  this  period. 

Analysis  of  the  4X8  matrices  of  Areas  X  Guilds 
(table  3)  confirmed  the  already-mentioned 
dominance  of  insect  feeders  in  these  bird 
populations.   Overall,  the  numbers  of  birds  and 
numbers  of  species  that  feed  on  insects  in  the 
foliage  was  significantly  greater  than  the  numbers 
and  species  of  insect  feeders  on  the  ground, 
which,  in  turn,  exceeded  any  other  feeding  guild. 


Further  examination  of  the 
recorded  by  guild  reveals 
maintaining  numerical  supe 
suffered  a  disproportionat 
in  numbers  of  birds  record 
1981.  Analysis  of  varianc 
design  Years  X  Areas  X  Gui 
significantly  greater  decl 
feeding  guilds  than  in  oth 
insect  feeders,  in  particu 
third  of  the  numbers  seen 


numbers  of  birds 
that,  although 
riority,  insect  feeders 
e  share  of  the  decline 
ed  between  1979  and 
e  of  the  factorial 
Id  demonstrates  a 
ine  in  the  two  insect 
er  guilds.   Foliage 
lar,  declined  to  only  a 
in  1979. 


Several  other  high  and  low  numbers  in  table  3  seem 
worthy  of  examination,  although  in  no  case  were 
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Table  2. — Numbers  of  birds  and  numbers  of  species.  Area  X  Season  for  1979  and  1981 


Season 

Area 

Area 

June 

July  A. 

B 

Aug.  A.. 

B 

Sept. 

sum 

1979 

Numbers 

of  Bird 

s 

Mill  Creek-Burned 

36 

33 

42 

14 

61 

29 

215 

Mill  Creek-Unburned 

3A 

31 

51 

23 

81 

43 

263 

Mill  Creek-Riparian 

28 

45 

46 

9 

62 

29 

219 

Lewis  &  Clark  Campground 

23 

28 

26 

18 

56 

16 

167 

Season  sum 

121 

137 

165 

64 

260 

117 

Mean=36 

1981 

Mill  Creek-Burned 

30 

30 

24 

26 

17 

18 

145 

Mill  Creek-Unburned 

27 

29 

18 

43 

16 

5 

138 

Mill  Creek-Riparian 

19 

15 

10 

31 

2 

18 

95 

Lewis  &  Clark  Campground 

16 

23 

6 

11 

33 

9 

98 

Season  sum 

92 

97 

58 

HI 

68 

50 

Mean=20 

1979 

Numbers 

of  Spec 

ies 

Mill  Creek-Burned 

9 

9 

9 

6 

10 

7 

50 

Mill  Creek-Unburned 

14 

9 

15 

11 

13 

14 

76 

Mill  Creek-Riparian 

14 

14 

12 

3 

13 

10 

66 

Lewis  &  Clark  Campground 

7 

9 

9 

7 

9 

6 

47 

Season  Sum 

44 

41 

45 

27 

45 

37 

Mean=10 

1981 

Mill  Creek-Burned 

6 

12 

8 

7 

5 

7 

45 

Mill  Creek-Unburned 

U 

13 

11 

15 

7 

4 

64 

Mill  Creek-Riparian 

10 

8 

3 

11 

2 

6 

40 

Lewis  &  Clark  Campground 

6 

8 

4 

6 

9 

6 

39 

Season  sum 

36 

41 

26 

39 

23 

23 

Mean=8 

Table  3. — Numbers  of  birds  recorded.  Year  X  Area  X  Guild^ 


Feeding 

guild 

Area 

Area 

GS 

FS 

GI 

FI 

AT 

TD 

TG 

AG 

sums 

1979 

Mill  Creek-Burned 

6 

23 

83 

78 

3 

7 

15 

0 

215 

Mill  Creek-Unburned 

14 

29 

59 

108 

6 

7 

38 

2 

263 

Mill  Creek-Riparian 

8 

33 

37 

115 

17 

3 

6 

0 

219 

Lewis  &  Clark  Camp 

5 

6 

28 

112 

4 

0 

12 

0 

167 

Sums 

33 

91 

207 

413 

30 

17 

71 

2 

864 

1981 

Mill  Creek-Burned 

26 

22 

56 

14 

12 

5 

3 

7 

145 

Mill  Creek-Unburned 

4 

19 

39 

34 

16 

4 

18 

4 

138 

Mill  Creek-Riparian 

9 

10 

21 

34 

11 

1 

3 

6 

95 

Lewis  &  Clark  Camp 

1 

18 

3 

52 

2 

1 

15 

6 

98 

Sums 

40 

69 

119 

134 

41 

11 

39 

23 

476 

Guild  Totals 


73 


160 


326 


547 


71 


110 


25 


1 


Guild 


(representative  species) 


GS 
FS 
GI 
FI 
AI 
TD 
TG 
AG 


Ground  seed  feeders 
Foliage  seed  feeders 
Ground  insect  feeders 
Foliage  insect  feeders 
Aerial  insect  feeders 
Timber  drillers 
Timber  gleaners 
All  others 


(dark-eyed  junco) 
(pine  siskin) 
(chipping  sparrow) 
(yellow-rumped  warbler) 
(flycatchers) 
(hairy  woodpecker) 
(red-breasted  nuthatch) 
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the  relationships  found  to  be  statistically 
significant.   The  high  count  for  insect  feeders  on 
the  ground  (GI)  on  MCB  in  1979,  for  example, 
traces  to  flocks  of  chipping  sparrows  seen  both 
before  and  after  the  fire.   The  high  count  for 
timber  gleaners  on  MCU  traces  to  two  flocks  of 
mountain  chickadees.   These  birds  were  recorded 
after  the  fire  burned  through  the  adjacent  forest, 
and  the  observations  might  be  interpreted  to 
indicate  that  chickadees  were  attracted  to  the 
general  area  of  the  burn.   It  also  seemed 
meaningful  to  us  that  the  decline  in  numbers  of 
timber  gleaners  from  1979  to  1981  seems  to  have 
been  disproportionately  larger  on  the  two  areas 
that  were  burned  and  that  numbers  of  seed  feeders 
on  the  ground  (GS)  on  MCB  was  quite  high  in  1981. 
These  observations  appear  to  confirm  Bendell's 
(1974)  conclusion  that  species  which  forage  on  the 
tree  trunk  may  be  eliminated  whereas  ground 
feeders  may  be  benefited.   On  the  other  hand, 
Bendell's  conclusion  that  fire  will  eliminate  bird 
species  which  forage  in  the  canopy  was  not 
confirmed. 


Changes  in  Average  Weights  of  Birds 

Analyses  examining  average  weights  of  birds 
observed  proved  to  be  confusing  and  not 
particularly  informative.   With  only  one 
exception,  there  were  no  differences  among  areas 
or  seasons,  whereas  differences  among  feeding 
guilds  were  always  extremely  high.   These 
differences  among  guilds,  however,  were  not 
consistent.   In  almost  every  analysis  we  found 
that  significant  differences  were  associated  with 
the  observation  of  a  single  bird.   A  ruffed  grouse 
or  a  large  hawk  would  produce  statistical 
significance  in  any  category,  and  even  when  these 
species  were  removed  from  the  data,  a  single 
mourning  dove,  Steller's  jay,  or  northern  flicker 
would  raise  the  average  weight  of  birds  in  a  guild 
to  a  significant  level. 


The  only  analysis  in  which  weight  differences 
could  be  interpreted  in  a  meaningful  context 
involved  the  seasonal  movement  of  Clark's 
nutcrackers  from  higher  elevations  to  the  general 
elevation  of  Mill  Creek  in  September.   Arrival  of 
the  nutcrackers  made  average  weights  of  birds  in 
September  significantly  higher  than  in  previous 
observation  periods. 


Changes  in  Bird  Species  Diversity       ■         ! 

Shannon /We Iner  diversity  for  6  replications  of 
field  counts  on  4  study  areas  ranged  from  H  =  1.2 
to  3.6  (mean  =  2.7)  in  1979  and  from  H  =  1.0  to 
3.6  (mean  =  2.5)  in  1981  (table  4).   Analysis  of 
variance  revealed  no  significant  differences  among 
areas  or  seasons  in  either  year  of  study,  and  we 
could  detect  no  certain  influence  of  the  fire  on 
bird  species  diversity.   Examination  of  individual 
observation  means,  however,  reveals  that  one  or 
more  H  were  outside  the  P  <  0.01  confidence 
interval  for  the  overall  mean  in  both  years.   In 
1979,  2.3  <  H  <  3.1,  and  in  1981,  2.1  <  H  <  2.9. 
Of  the  H  outside  these  ranges,  the  most 
interesting  is  probably  the  low  index  for  MCR  in 
the  first  observation  period  after  the  burn.   Only 
9  birds  of  3  species  were  observed,  whereas  2 
weeks  later,  the  same  area  produced  62  birds  of  13 
species.   Because  this  decline  in  diversity  was 
not  duplicated  on  the  adjacent  burned  area,  MCB, 
we  can  only  speculate  about  the  consistency  of  the 
influence  of  fire.   These  data  supply  no 
indication  that  burned  areas  had  higher  or  lower 
diversities  than  unburned  areas,  but  there  is  a 
strong  implication  for  population  instability  on  ' 
recently  burned  areas.   In  1981,  despite  the 
passage  of  two  growing  seasons  in  which  there  was 
some  vegetation  recovery,  the  average  change  in  H 
from  one  observation  period  to  the  next  was  more 
than  twice  as  great  on  burned  areas  as  on  areas 
that  remained  unburned.  ' 


Table  4. — Shannon/Welner  diversity  indices  (H)  for  six  replications  on  four 
study  areas,  1979  and  1981 


Area 


June 


July  A. 


Aug.  A. 


Sept, 


1979 
Mill  Creek-Burned 
Mill  Creek-Unburned 
Mill  Creek-Riparian 


2.82 
3.28 
3.61 


Lewis  &  Clark  Campground  2.49 

1981 

Mill  Creek-Burned  1.87 

Mill  Creek-Unburned  3.63 

Mill  Creek-Riparian  2.97 

Lewis  &  Clark  Campground  2.31 


2.33 
2.45 
3.40 
2.92 


3.12 
3.37 
2.87 
2.49 


2.51  2.41 

3.43  3.05 

3.06  1.22 

2.82  2.44 


2.65  2.47 

3.09  3.44 

1.16  3.09 

1.79  2.37 


2.64 
2.97 
3.13 
2.49 


89 
42 


1.00 
2.77 


2.36 
3.18 
2.25 
1.62 


2.68 
1.92 
1.97 
2.42 
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?his  observation  prompted  us  to  develop  an 
ixpression  of  the  relative  turnover  rate  In  bird 
)opulatlons  from  one  observation  period  to  the 
lext.   The  proportions  presented  in  table  5  are 
•alculated  as  the  ratio  of  the  number  of  species 
;een  in  one  or  the  other  of  two  observation 
)eriods,  but  not  both,  to  the  total  number  of 
species  seen  both  observation  periods.   We  were 
surprised  to  find  that  a  turnover  rate  in  excess 
)f  50  percent  was  not  unusual.   On  all  four  areas, 
.n  an  average  2-week  period,  more  than  half  of  the 
species  identified  were  replaced  by  other  species. 
)espite  this  already  existing  high  replacement,  we 
ound  that  turnover  increased  substantially 
'ollowing  the  fire  in  1979,  and  it  appears  that 
he  habitat  changes  on  MCR  were  great  enough  to 
:ontinue  this  high  turnover  rate  into  1981. 
luring  the  course  of  this  study  MCR  was  modified 
ar  more  than  MCB,  and  it  appears  that  the  removal 
if  most  of  the  cover  above  1.5m  produced  a  less 
lesirable  small  bird  habitat. 

able  5. — Relative  turnover  rates  in  species 

composition  from  one  observation  period 
(season)  to  the  next 


June 


July 
A      B 


August 


i  1979 

[ill  Creek 

-Burned 

-Unburned 

-Riparian 

.ewis  &  Clark 

Campground 

!  1981 
!ill  Creek 

-Burned 

-Unburned 

-Riparian 
.ewis  &  Clark 

Campground 


0.800 
0.722 
0.4A4 


0.615 
0.588 
0.471 


0.636 
0.471 
0.846 


0.667 
0.400 
0.857 


0.786 
0.773 
0.722 


0.667   0.364  0.364   0,545  0.750 


0.733 
0.773 
0.800 


0.824 
0.588 
0.900 


0.636 
0.700 
0.883 


0.667 
0.778 
0,818 


0.800 
0.778 
1.000 


0.833   0.800  0.750   0.636   0.750 
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e  were  able  to  demonstrate  that  the  number  of 
irds  observed  increased  significantly  after  the 
iddle  of  August  1979  and  further,  that  these 
arge  increases  primarily  involved  insect  feeders, 
e  were  unable  to  show  that  some  species  of  insect 
eeders,  notably  MacGillivray' s  warbler. 


Swainson's  thrush,  and  the  warbling  vireo, 
disappeared  from  the  burned  areas  immediately 
after  the  fire. 

The  Swainson's  thrush  was  not  seen  in  either 
burned  area  in  1981,  and  we  have  presumed  this  to 
be  an  indication  that  too  much  canopy  was  removed 
to  leave  a  desirable  habitat.   MacGillivray 's 
warbler,  on  the  other  hand,  returned  to  the  same 
areas  occupied  in  1981  and  repeated  an  identical 
disappearance  pattern  in  late  August.   In  2  years, 
including  data  from  all  the  other  study  areas  in 
the  Lolo  Creek  drainage,  only  one  MacGillivray ' s 
warbler  was  recorded  after  the  middle  of  August  at 
an  elevation  below  1  250  m. 

Observations  made  of  the  warbling  vireo  were 
inadequate  to  demonstrate  whether  the  species 
responded  to  habitat  change,  is  an  early  migrant, 
or  simply  reacted  to  a  short-term,  locally 
favorable  feeding  situation  caused  by  the  fire. 
In  1979,  the  number  of  vireos  recorded  on  MCU 
increased  after  the  fire.   Numbers  of  several 
other  species  also  increased  on  MCU  at  this  time, 
and  our  initial  impression  was  that  MCU  was 
receiving  some  spillover  of  birds  displaced  from 
the  nearby  burned  areas.   Too  few  vireos  were 
observed  in  1981  to  determine  whether  the  burned 
areas  continued  to  be  less  acceptable  than  the 
adjacent  unburned  area,  but  we  did  determine  that 
the  vireos  observed  in  1979  were  the  only  warbling 
vireos  recorded  after  mid-August  on  any  area  in 
the  Lolo  Creek  drainage  in  either  year  of  study. 
This  suggests  a  possibility  that  the  specific 
foraging  opportunity  available  in  MCU  following 
the  fire  enabled  vireos  to  remain  in  the  area 
longer  than  is  usual  for  this  species. 

In  a  number  of  ways,  the  data  describing  small 
bird  use  of  area  MCU  seem  somewhat  unusual.   There 
is  a  general  impression  in  our  data  of  a  very 
favorable  small  bird  habitat.   For  both  years  of 
study,  MCU  averaged  more  birds,  more  species,  and 
a  higher  ranking  of  the  diversity  index  in 
comparisons  with  the  other  study  areas.   It  is  our 
impression,  however,  that  this  attraction  for 
birds  is  somewhat  greater  than  might  normally  have 
been  expected  in  a  plant  community  of  this 
structure.   The  location  of  MCU,  immediately 
adjacent  to  the  two  burned  areas,  has  created 
a  relatively  unique  combination  of  habitat 
diversity  and  edges  that  make  this  specific  site 
and  the  surrounding  area  appear  far  more 
attractive  and  productive  than  it  really  is. 


Our  final  observation  from  our 
involves  the  several  species  of 
recorded  during  the  study.   Bir 
timber  drillers  in  1979  increas 
the  fire  to  12  after  the  fire, 
since  it  involved  such  a  small 
significant  even  though  10  of  1 
recorded  in  the  burned  areas, 
seemed  important  to  us  that  the 
included  the  only  northern  thre 
seen  in  1979  and  that  this  spec 
on  a  burned  area  in  1981. 
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SUMMARY  AND  CONCLUSIONS 

In  the  data  presented  here,  there  was  surprisingly 
little  evidence  that  the  Mill  Creek  fire  of  1979 
had  any  drastic  effect  on  numbers  of  birds, 
numbers  of  species,  or  species  diversity — either 
during  the  year  of  the  fire  or  2  years  later. 
Considering  only  the  data  from  the  burned  areas, 
it  might  have  been  concluded  that  an  immediate 
postfire  depression  in  bird  numbers  and  a 
subsequent  substantial  increase  were  fire- 
associated  phenomena.   A  majority  of  the  bird 
species  recorded  were  insect  feeders,  and  one  of 
the  immediate  changes  in  the  burned  area  was  a 
sudden  increase  in  insects  attacking  the  burned 
trees.   Apparently,  however,  an  increase  in 
numbers  of  birds  observed  after  the  end  of  July  is 
a  predictable  annual  occurrence  related  to 
movement  by  family  groups  and  flocking  before 
migration. 

One  immediate  physical  effect  of  the  fire  was 
removal  of  much  of  the  cover  below  2.5  m  and 
thinning  of  the  canopy  above  that  height.   Salvage 
logging  further  reduced  the  canopy,  especially 
above  2.5  m.   These  changes  were  potentially 
significant  for  a  few  species,  but  for  small  bird 
populations  as  a  faunal  group,  the  influence  of 
the  burn  was  relatively  subtle  and  appeared  to 
cause  modifications  in  patterns  of  habitat  use 
rather  than  any  strong  attraction  or  avoidance  of 
the  modified  habitat.   The  Mill  Creek  fire, 
because  it  was  small,  and  possibly  because  it  was 
not  a  completely  destructive  burn,  may  actually 
have  increased  habitat  diversity  for  the  larger 
area  including  the  unburned  forest  immediately 
adjacent  to  the  burn.   At  the  same  time,  this 
increased  habitat  diversity  was  accompanied  by  an 
increase  in  species  turnover  from  one  biweekly 
observation  period  to  the  next. 

One  of  the  more  significant  observations  presented 
in  this  paper  has  little  to  do  with  the  influence 
of  fire.   During  the  summer  of  1980,  western 
Montana  was  subjected  to  a  fine-grain  ash  fall 
following  the  eruption  of  Mount  St.  Helens.   There 
was  some  conjecture  at  the  time  about  the 
influence  this  ash  fall  might  have  on  Insect 
populations  and,  potentially,  on  other  fauna 
dependent  on  insect  foods.   We  believe  the 
available  data  indicate  a  very  substantial 
influence  of  ash  fall  on  nesting  success  by 
insect-eating  small  birds.   We  cannot  report  with 
certainty  that  1980  was  a  poor  year  for  nesting 
success  by  insectivorous  birds  in  western  Montana, 
but  such  an  event  would  explain  the  decline  in 
numbers  of  birds  observed  in  1981.   Data  from  19 
unburned  study  areas  represent  a  much  larger 
evaluation  base  than  the  four  study  areas  examined 
here,  and  we  are  evaluating  those  data  for 
presentation  in  the  future. 
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FIRE,  LOGGING,  AND  WHITE-TAILED  DEER  INTERRELATIONSHIPS 

IN  THE  SWAN  VALLEY,  NORTHWESTERN  MONTANA 

June  D.  Freedman  and  James  R.  Habeck 


ABSTRACT:   The  historical  Importance  of  fire  was 
investigated  on  the  upper  Swan  Valley  winter 
white-tailed  deer  range  in  northwestern  Montana. 
The  relatively  recent  impacts  of  logging  on  winter 
range  quality  were  also  included  in  these  studies. 
Fire  exclusion  has  led  to  successional  development 
of  once  open-canopied  mature  serai  forests,  and 
the  original  fire-maintained  vegetation  mosaic 
became  altered.   Thirty  years  of  timber  harvesting 
treatments,  including  the  clearcutting  of  large 
blocks  of  the  winter  range,  has  effectively 
interrupted  the  natural  deer  use  patterns  on  this 
winter  range. 


INTRODUCTION 

The  white-tailed  deer  (Odoeotleus   virginianus)    is 
an  important  big  game  species  throughout  much  of 
western  Montana,  and  its  distribution  is  closely 
associated  with  the  lower  coniferous  zone,  charac- 
terized by  Douglas-fir  (Pseudotsuga  menziesii) , 
ponderosa  pine  (Pinus  ponderosa) ,  and  western  larch 
(Larn-x  occidentalis)    (Mackle  and  others  1979; 
Gruell  1983,  in  press).   The  Swan  Valley,  located 
north  and  east  of  Missoula,  Mont.  (fig.  1),  Is 
representative  of  this  association  of  deer  and 
conifer  forest.   Since  the  mid-1950's  however,  the 
upper  Swan  Valley  has  been  the  scene  of  major 
timber  management  activity  (roading,  cutting, 
plantation  establishment).   During  the  past  three 
decades  nearly  50  percent  of  the  white-tailed 
deer's  Swan  Valley  range  has  been  logged.   Timber 
harvesting  has  been  directed  primarily  at  mature 
serai  forest  types. 

It  is  expected  that  within  the  next  few  decades 
there  will  be  a  complete  conversion  to  harvesting 
of  managed  second-growth  forests.   Concurrent  with 
this  timber  management  activity  has  been  the 
development  of  other  parts  of  the  deer  range  for 
rural  or  recreation  subdivisions.   In  just  the  past 
10  years,  we  have  witnessed  an  Increased  public 
demand  for  wildlife  habitat  Improvement,  expansion 
of  recreation  opportunities,  as  well  as  safeguard- 
ing the  valley's  watershed  values.   These  demands 
have  led  to  conflicts  among  management  groups. 
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3n  Wildlife  Habitat,  Missoula,  Mont.,  March  21, 
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June  Freedman  is  Plant  Ecologist,  Biology  Dept .  , 
Idaho  State  University,  Pocatello,  Idaho,  and  James 
Habeck  is  Professor  of  Botany,  University  of 
Montana,  Missoula,  Mont. 


Figure  1. — Location  of  the  upper  Swan  Valley 
white-tailed  deer  winter  range  in  northwestern 
Montana.   Dashed  line  outlines  the  approximate 
location.   Southern  Mission  Mountains  are  depicted 
taller  than  those  farther  north. 

Our  contribution  to  this  fire  and  wildlife  sympo- 
sium focuses  upon  the  results  of  a  recent  investi- 
gation of  the  Swan  Valley  winter  deer  range 
(Freedman  1983).   Understanding  the  historical 
role  of  fire  in  the  Swan  Valley  winter  deer  range 
was  an  initial  study  objective,  similar  to  the 
study  undertaken  by  Hawkes  (1983)  in  western 
Canada.   Historical  information  about  deer  numbers 
and  their  distributions,  we  discovered,  is  nearly 
nonexistent.   Early  reports  and  assessments  made 
by  wildlife  biologists  suggest  that  white-tailed 
deer  have  been  common  residents  on  the  upper  Swan 
Valley  landscape  for  a  long  time  and  were  probably 
hunted  annually  by  Indians  for  centuries  before 
Europeans  arrived.   Deer  numbers  are  believed  to 
have  peaked  between  1900  and  1915  and  again  during 
the  1950' s  (Bergeson  1943;  Weckwerth  1958). 
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Mundinger's  recent  (1982)  field  studies  on  this 
range  encompassed  deer  distribution  patterns, 
habitat  and  food  use,  and  population  dynamics.   He 
found  that  winter  deer  use  is  concentrated  within 
riparian  forest  types  and  that  more  dispersed  use 
occurs  within  the  upland  forests.   Mundinger 
determined  that  deer  generally  avoided  the  clear- 
cuts  and  open-canopied  young  forests;  he  concluded 
that  the  white-tailed  deer  population  in  the  Swan 
Valley  is  basically  controlled  by  the  amount  of 
suitable  winter  deer  habitat.   His  interpretations 
suggest  that  the  deer  are  specifically  adapted  to 
and  dependent  upon  the  valley's  mature,  subclimax 
forest  (late  serai)  and,  furthermore,  that  a 
relatively  stable  deer  population  density  is  a 
consequence  of  that  adaptation  and  dependency. 
Mundinger  believes  that  the  winter  range  in  the 
valley  has  been  reduced  in  quality  and  quantity 
due  to  the  loss  of  thermal  and  concealment  cover, 
to  reductions  in  available  winter  forage,  and  to 
the  spatial  segmentation  and  isolation  of  the 
critical  riparian  winter  habitats.   Modern  logging 
and  widespread  fire  exclusion  have  altered  the 
winter  range,  characterized  by  an  overall  change 
in  habitat  diversity. 

Wildfire  has  been  an  important  ecological  influence 
in  the  Northern  Rocky  Mountains  for  thousands  of 
years  (Habeck  and  Mutch  1973;  Arno  1980;  Barrett 
and  Arno  1982;  Gruell  1983,  in  press).   Early 
reports  (especially  Ayres  1900)  and  an  abundance 
of  field  evidence  indicate  that  wildfire  was 
commonplace  in  the  Swan  Valley.   Fire-scarred 
ponderosa  pines,  charcoal  in  the  soil  layers,  and 
the  occurrence  of  even-aged  stands  of  lodgepole 
pine  (Pinus  contorta)    on  parts  of  the  range  attest 
to  the  past  presence  of  fire;  the  relative  scarcity 
of  old-growth  climax  forests  provides  further 
insight  into  the  influence  of  historic  fire. 

Before  the  introduction  of  effective  fire  suppres- 
sion in  western  Montana  in  the  1930's,  recurrent 
wildfires  maintained  much  of  the  lower  forest 
zones  in  a  complex,  mosaic  pattern  of  developmental 
stages  of  succession.   Gruell  (in  press)  has 
provided  a  detailed  photographic  analysis  of 
western  vegetation  types  and  has  determined  that 
fires  did  maintain  mosaics  of  young  and  mature 
serai  types;  fires  thinned  the  forests  and  produced 
gaps  in  the  canopies.   Fire's  influence  is  likely 
to  have  been  repetitive  and  predictable,  leading 
to  a  degree  of  stability  in  range  habitat  components. 
We  believe  the  best  interpretation  of  the  Swan 
Valley  white-tailed  deer  population  dynamics 
encompasses  the  view  that  long-term  stability 
(steady  state)  in  deer  numbers  is  geared  toward 
the  effective  exploitation  of  a  relatively  stable 
physical  habitat  maintained,  in  this  case,  by 
periodic  fire  disturbances.   This  important 
concept,  developed  by  Loucks  in  1970,  is  similar 
to  the  ideas  expressed  by  Bormann  and  Likens 
(1979).   Both  view  ecosystem  stability  as  equivalent 
to  a  shifting  mosaic  steady  state.   Schoen  and 
others  (1982)  and  Wallmo  and  Schoen  (1980)  have 
translated  these  ecologic  concepts  into  recommen- 
dations for  timber  and  wildlife  managers.   It 
seems  evident  to  us  that  a  clear  understanding  of 
the  Swan  Valley's  fire/forest  interactions  is 
essential  for  the  correct  interpretation  of 


deer/habitat  interrelationships.   This  understand:; 
requires  assessing  the  influence  of  modern  fire 
suppression  on  the  deer/timber  harvest  relationshj; 

Our  objectives  in  the  Swan  Valley  were  to  evaluate 
(1)  the  impacts  of  modern  fire  exclusion  on  winter 
range  quality;  (2)  the  role  of  recent  timber 
harvesting  on  range  conditions,  including  browse 
production  and  availability;  and  (3)  the  conse- 
quences of  multiple  land  ownership  on  the  vegetatii 
comprising  the  winter  range. 


DESCRIPTION  OF  THE  WINTER  RANGE 

The  Swan  Valley  is  located  in  northwestern  Montana 
and  extends  from  the  Swan  River-Clearwater  River 
Divide  north  to  Swan  Lake  (fig.  1).   The  valley  is 
bounded  to  the  west  by  the  Mission  Mountains  and  t 
the  east  by  the  Swan  Mountains.   The  Swan  Valley  1 
about  40  mi  (66  km)  long  and  ranges  from  6  to  10  m 
(10  to  16  km)  wide.   Elevations  on  the  valley  floo 
range  from  3,000  to  4,000  ft  (909  to  1  212  m) , 
whereas  the  adjacent  mountain  crests  reach  heights 
between  7,000  to  10,200  ft  (2  121  to  3  090  m) . 
White-tailed  deer  can  be  found  throughout  the  uppe 
valley  area,  but  the  winter  range  unit,  as 
delineated  in  our  study,  is  located  between  Condon 
and  Goat  Creek  (fig.  1).   The  multiplicity  of  land 
ownerships  on  the  winter  range  exists  as  alternate 
mile-square  sections.   Some  land  is  federal  forest 
(Flathead  National  Forest)  ,  Swan  River  State 
Forest,  or  Burlington  Northern  (Plum  Creek  Timber 
Co.),  and  the  remainder  consists  of  numerous 
private  tracts. 

During  the  Pleistocene  the  Swan  Valley  was 
completely  filled  with  an  ice  layer;  local  mountai 
glaciers  moved  into  the  valley  also  (Antos  and 
Habeck  1981;  John  1970).   This  glaciation  left 
behind  a  complex  microtopography — wetlands  mixed 
with  upland  terrain — that  strongly  influences 
forest  community  distribution  patterns  and, 
importantly,  seasonal  deer  activity  within  the 
valley. 
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The  Swan  Valley  receives  about  30 
moisture  annually;  although  in  the 
center  of  the  valley,  near  Condon, 
rainshadow  is  expressed  due  to  the 
Mountains  lying  directly  to  the  we 
range.  The  annual  precipitation  a 
known,  but  July-August  measurement 
less  than  stations  located  just  to 
south.  Drier  summers  in  the  vicin 
doubt  influenced  wildfire  behavior 


inches  (75  cm)  o 
geographic 
a  noticeable 
high  Mission 
st  of  the  winter 
t  Condon  is  not 
s  are  one-third 

the  north  and 
ity  of  Condon  no 
in  the  past. 


During  typical  winters  the  snow  a 
3  ft  (1  m) ;  snow  cover  is  usually 
winter  range  from  mid-November  to 
January  is  the  coldest  month  in  t 
average  maximum/minimum  temperatu 
stations,  at  Swan  Lake  and  Lindbe 
31°/14°  and  29°/ll°  F  (-0.5°/-10° 
respectively.  Midwinter  thaws,  a 
rains,  commonly  occur  in  January 


ccumulates  to  ovei 
continuous  on  th< 
the  end  of  March, 

he  Swan  Valley; 

res  at  the  nearest 

rgh  Lake,  are 

;  -1.6°/-11.7°C, 

ccompanied  by  cole 

and  February. 


The  Swan  Valley  is  predominantly  forested,  with  the 
exception  of  the  wet  meadows  and  riparian  sites. 
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;.''he  winter  range  is  composed  of  late-stage  serai 
forests  comprising  several  habitat  types  (h.t.)  as 
classified  by  Pfister  and  others  (1977).   These  are 
IS  follows: 

1.  Picea/Ctintonia  uni flora  h.t.    (PICEA/CLUN) : 
?his  spruce  type  occupies  the  floodplain  of  the 
;>wan  River  as  well  as  occurring  along  the  courses 
)f  tributary  streams  and  on  low  terrain  surrounding 
lepressions  and  marshlands.   On  certain  local 
sites  the  PICEA/CLUN  type  is  replaced  by  the  cedar 
:ype,  Thuja  plioata/Clintonia  uni flora   h.t. 
;THPL/CLUN) ,  especially  where  frost  is  less 
severe. 
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■■igure  2. — Swan  Valley  winter  range.   Locations 
ire  shown  of  stand  samples  (solid  dots)  and  stands 
!mployed  in  fire  chronology  (numbered  open 
circles;  see  figure  3.) 


2.  Abies  grandis/Clintonia  uni flora  h.t. 
(ABGR/CLUN) :  grand  fir  and  subalpine  fir  types 
(Abies  lasiocarpa/Clintonia  h.t.  [ABLA/CLUN]) 
occur  on  the  better-drained  bottomland  terraces 
and  on  cool,  moist  upland  sites  and/or  benches, 
such  as  frost  pockets  and  lower  north-facing 
slopes . 

3.  Pseudotsuga  menziesii/Symphorioarpos 
albus   h.t.  (PSME/SYAL)  and  (Pseudotsuga/Vaocinium 
aaespitosum   h.t.  (PSME/VACA) :   the  Douglas-fir 
snowberry  and  Douglas-fir/dwarf  huckleberry  types 
are  found  on  the  warmer,  well-drained  upland 
slopes,  with  the  former  occupying  the  driest 
ridgeline  sites. 

Sapling  and  pole-sized  Douglas-fir,  in  various 
combinations  with  ponderosa  pine,  western  larch, 
and  lodgepole  pine,  which  collectively  function  as 
successional  dominants,  presently  occupy  the  grand 
fir  (ABGR),  subalpine  fir  (ABLA) ,  and  Douglas-fir 
(PSME)  habitat  type  sites.   Past  fires  (Ayres 
1900;  Antos  and  Habeck  1981)  prevented  the  expres- 
sion of  the  potential  climax  forests  on  large 
portions  of  the  valley's  winter  range.   Wetland 
forest  types  and  island-like  upland  forests  burned 
less  frequently  and  likely  supported  examples  of 
older,  later  successional  stages. 


STUDY  METHODS 

After  a  reconnaissance  of  the  main  parts  of  the 
winter  range,  in  an  area  defined  as  comprising 
about  35,200  acres  (14  250  ha),  a  series  of  59 
stand  samples  were  taken  that  represent  a  wide 
range  of  the  site  conditions,  habitat  types,  and 
silvicultural  treatments  on  the  deer  range  (fig. 
2).   In  each  study  area  a  one-tenth  acre  (about 
375  m^)  plot  (releve)  was  positioned  to  represent 
the  average  stand  conditions.   We  employed  the 
paired-stand  approach  and  sampled  an  untreated  or 
undisturbed  stand  adjacent  to  a  silvicultural ly 
treated  stand;  both  occupied  similar  physical 
settings.   The  field  methods  follow  those  described 
by  Pfister  and  Arno  (1980).   Tree  densities  of 
each  plot  were  recorded  by  diameter  classes 
(2-inch  [5-cm]  intervals),  and  canopy  coverages 
were  also  assigned  to  each  tree  species.   Tree  age 
classes  were  also  measured  through  stem  coring. 
Canopy  coverage  values  were  assigned  each  vascular 
ground  layer  plant  by  sampling  twenty  20-  by  50-cm 
quadrats  in  each  releve;  physical  site  features 
were  also  recorded.   The  59  samples  were  used  in 
the  construction  of  a  polar  ordination  (Bray  and 
Curtis  1957). 

Fire  history  data  were  collected  from  fire-scarred 
trees  searched  out  in  or  near  each  of  the  sampled 
stands  (fig.  3).   The  fire  history  methodology  we 
followed  has  been  described  by  Arno  and  Sneck 
(1977)  and  by  Arno  and  Peterson  (1983).   Establ- 
lishing  stand  ages  by  routine  increment  cores 
supplemented  the  fire  dates  determined  from  scars. 
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Figure  3. — Swan  Valley  fire  chronology.   Each  open 
circle  represents  the  adjusted  mean  fire-free 
interval  for  each  stand.   The  arrow  and  dashed  lines 
delineate  the  start  of  each  stand's  fire  history. 
The  stand  arrangement,  from  left  to  right, 
represents  a  north-to-south  geographic  gradient 
(see  fig.  2) . 


The  majority  of  fire-scarred  trees  encountered  were 
ponderosa  pine.   Some  multiscarred  lodgepole  pines 
were  also  sampled,  and  their  dates  of  establishment 
were  also  used  in  constructing  the  fire  chronology. 

The  availability  of  1934  aerial  photos  covering  the 
winter  range,  as  well  as  current  ones,  permitted  us 
to  analyze  winter  range  changes  over  a  50-year 
period.   The  areas  covered  with  uncut  forests, 
logged/roaded  areas,  riparian,  marsh-shrub,  and 
recent  human-made  developments  were  mapped  for  both 
sets  of  photos,  and  changes  in  area  were  determined 
for  each  category. 
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Lastly,  the  production  levels  and  availabilities  o) 
the  important  winter  deer  woody  browse  species  were 
determined,  following  methods  described  by  Cole 
(1959)  and  Lonner  (1977);  percentage  cover  values, 
shrub  heights,  and  degree  of  hedging  were  all 
measured.   The  distribution  and  intensity  of  wintei 
deer  use  were  estimated  directly  from  a  series  of 
1981-82  midwinter  cross-country  ski  trips  over  the 
winter  range. 


RESULTS  AND  DISCUSSION 


Fire  History  of  the  Swan  Valley 


Fortunately  for  our  study  a 
descriptive  narrative  exist 
part  of  western  Montana.  H 
employee  of  the  U.S.  Geolog 
assigned  to  assess  the  Lewi 
Reserve,  which  included  the 
gives  special  attention  to 
wildfires  and  their  impacts 
valley.  It  is  worthwhile  t 
Ayres'  observations  and  int 
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1.  At  the  time  of  his  survey,  about  1897,  he 
noted  that  much  of  the  Swan  River  Valley  was  "much  . 
burned"  with  fire-killed  timber  covering  large 
parts  of  it.   This  must  have  been  the  results  of 
fires  in  1889,  a  date  we  have  discovered  is  common 
in  the  valley's  fire  scar  record. 

2.  Ponderosa  pine  was  common  in  the  upper 
Swan  Valley,  near  Condon,  and  frequently  exhibited 
fires  scars,  according  to  Ayres.   We  have  witnessed 
this  ourselves  in  the  remnant,  uncut  portions  of 
the  winter  range. 

3.  In  the  Swan  Valley,  trees,  although 
scarred  by  fire,  still  remain  abundant,  especially 
in  the  tributary  gulches.   Moderate  fires,  Ayres 
says,  overran  the  forests,  but  the  treatment  merely 
thinned  the  forests;  tree  seedlings  are  seldom  over 
10  ft.  high. 

4.  In  some  forests  influenced  by  light  fires 
tree  restocking  was  so  dense  it  practically  formed 
a  conifer  "underbrush"  layer.   In  general,  Ayres 
says,  underbrush  is  not  dense  except  in  some  wetter 
lower  Swan  Valley. 
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5.  Some  tree  cutting,  at  the  time  of  Ayres' 
xamination,  was  for  cabin  building  by 
rospectors,  hunters,  trappers,  and  "squatters." 
Ithough  lightning  is  given  credit  for  ignitions, 
yres  blames  most  on  the  carelessness  of  men,  and 
ere  Ayres  includes  Indians.   In  1889,  1,200  mi^ 
768,000  acres;  310  931  ha)  was  burned  in  the 
crest  Reserve. 

6.  Ayres  states  that  fires  in  the  area 
ccurred  at  all  levels  of  intensity.   High- 
ntensity  fires  occurred  in  1889  as  well  as 
forty"  years  earlier;  he  is  referring  to  1850, 
hen  the  Swan  Valley  also  experienced  extensive 
ildfire.   The  more  common  light  fires  simply 
rept  along  the  surface,  thinning  the  forests,  and 
ausing  scars  ("defects"). 

7.  The  low-intensity  fires  killed  lodgepole 
ines  because  they  lack  thick  bark;  the  same 
ires,  observed  Ayres,  encouraged  western  larch 
ominance.   This  relationship  between  lodgepole 
ine,  western  larch,  and  other  conifers  in  the 

tfan  Valley  has  been  discussed  by  Antos  and  Habeck 
1981)  and  Antos  and  Shearer  (1980). 

8.  As  of  1900,  Ayres  claims  that  90  percent 
f  the  Swan  Valley  had  been  burned  over  in  the 
receding  100  years,  but  much  of  this  fire  was  not 

f  the  high-intensity  stand-replacement  type,  since 
le  burned  areas  remained  forested.   Ponderosa  pine 
smains  as  an  overstory  dominant,  whereas  invading 
2d  fir  (PSME) ,  larch  (LAOC)  and  spruce  (PICEA)  are 
2peatedly  killed  by  fire. 


Dper  Swan  Valley  Fire  Chronology 

2  must  compliment  Ayres  for  being  such  a  keen 
Dserver  and  interpreter  of  the  early  Swan  Valley 
indscape.   It  helps  us  greatly  in  making  modern 
/aluations  of  the  past  role  of  fire.   The  fire 
Lstory  data  we  collected  were  used  to  construct  a 
aster  fire  chronology  (fig.  3)  that  spans  the 
2riod  between  1650  and  the  present.   Technical 
ssistance  was  provided  by  Stephen  Arno  and  Andrew 
Llson  of  the  Northern  Forest  Fire  Laboratory 
■lissoula,  Mont.).   The  fire  chronology  developed 
allows  the  methodology  recommended  by  Arno  and 
2terson  (1983).   The  dates  of  major  fires  are 
lown  in  this  chronology;  each  stand's  fire-free 
itervals  are  identified  separately  by  the  open 
Ircles,  but  a  composition  chronology  is  also  shown 
1  the  right-hand  margin.   The  arrows  and  dashed 
Lnes  identify  the  date  when  a  given  stand's  fire 
lstory  begins. 

le  fire-scarred  trees  in  the  vicinity  of  our 
imple  plot  were  separately  inspected  and  fire 
ites  and  intervals  determined  (see  Romme  1982  for 
jfinitions  of  terms).   Next  an  adjusted  mean 
iterval  was  derived;  occasional  missing  scar 
Jcovery  rings  required  such  adjustments.   The 
!velopment  of  stand  values  (fire-free  intervals) 


from  two  or  more  trees  assumes  that  fires  that  are 
clearly  identified  on  one  tree  can  be  counted  as  a 
fire  event  for  the  entire  stand  (Arno  and  Peterson 
1983).   On  open  mountain  slopes,  past  fires  could 
run  through  a  stand  and  miss  being  registered  on 
some  of  the  trees.   In  the  glaciated  upper  Swan 
Valley,  the  uneven  terrain  (mosaic  of  wetlands  and 
uplands)  makes  it  less  likely  that  a  given  fire,  in 
a  typical  year,  could  spread  the  same  way.   In 
years  of  severe  drought  all  sites  might  be  dry  and 
fires  could  move  unimpeded. 

Our  Swan  Valley  fire  chronology  is  based  on 
composite  fire  scar  data  that  may  possess  some 
inherent  problems  due  to  the  fire-spread 
differences  stated  above.   Composite  fire 
chronologies  do  shorten  the  fire-free  intervals. 
Two  ponderosa  pine  trees,  for  example,  sampled  in 
the  vicinity  of  our  plot  27  (fig.  2)  comprise  the 
data  for  this  plot  sample  in  the  chronology  (fig. 
3).   The  fire  intervals  for  each  tree,  individually, 
are  47  and  49  years,  but  since  1693  they  have  shared 
only  two  fire  dates  out  of  a  possible  six.   The 

composite  fire-fire  interval  is  less  than  30  years. 
Since  the  trees  are  not  clumped,  but  in  different 
microsites  near  the  plot,  they  could  have  witnessed 
different  regimes  of  fire. 

The  scars  record  33  separate  fires  between  1652  and 
1925;  figure  3  indicates  the  major  fire  years.   The 
pre-fire  suppression  era  predates  1905  (effective 
exclusion  came  only  after  1930,  however)  when 
ignitions  were  mostly  by  lightning  and  Indians 
(Ayres  1900;  Barrett  1980;  Davis  1980;  Barrett 
and  Arno  1982).   After  1905  some  organized  file 
exclusion  was  initiated;  this  was  the  beginning 
of  altered  fire  frequencies  and  reduced  burned 
acreage  (Gruell  in  press). 

Our  fire  history  analysis  indicates  that  the  winter 
range  was  burned  frequently;  in  the  drier  southern 
half  of  the  range  the  intervals  were  shorter  than 
on  the  more  moist  northern  part.   In  figure  3 
samples  1,  10,  15,  17,  58,  and  52  are  from  the 
northern  part  of  the  range  (fig.  2).   Between  1758 
and  1905  this  portion  of  the  range  had  fire-free 
intervals  of  about  30  years,  and  the  presence  of 
western  larch  and  even-aged  lodgepole  pine  suggests 
the  fires  here  were  of  higher  intensity.   The 
remaining  samples  are  from  the  southern  end  of 
the  winter  range,  and  these  have  a  shorter 
interval  of  17  years.   It  is  the  latter  area  that 
supported  the  open  park-like  ponderosa  pine  forests 
described  and  pictured  by  Ayres  (1900).   Our  data 
at  present  do  not  clearly  indicate  that  the  dry 
habitat  types  (PSME/SYAL  and  PSME/VACA)  burned 
more  often  than  the  more  moist  types  (ABLA/CLUN, 
ABGR/CLUN,  and  PICEA/CLUN) ,  but  the  geographic 
position  of  any  of  these  types  within  the 
winter  range  was  indeed  important  in  their 
burning  frequencies. 


27 


Other  Winter  Range  Changes 

Table  1  summarizes  other  changes  that  we  were  able 
to  document  by  comparing  the  1934  and  1981  aerial 
photos.   Nearly  50  percent  of  the  35,200  acre  (14 
250  ha)  winter  deer  range  has  been  structurally 
modified  by  logging  and  attendant  activities;  much 
of  the  change  recorded  took  place  between  1955  and 
1970,  but  it  continues  today.   Riparian  forests 
(PICEA/CLUN)  and  wetland  marsh/shrub  types  have 
also  been  reduced  in  areas  by  at  least  10  percent. 
The  ecological  value  of  these  latter  types  as  deer 
habitat  exceeds  the  percentage  of  the  area  they 
represent.   The  checkerboard-appearing,  alternate- 
section  ownership  pattern  shows  up  clearly  on  the 
aerial  photos.   An  intricate  system  of  intercon- 
necting access  roads  evolved  to  service  the  various 
ownerships,  and  such  roading  no  doubt  has  also 
affected  the  quality  of  winter  deer  habitat. 

Recent  decades  have  also  seen  the  successful 
establishment  and  expanded  growth  of  conifers  of 


all  species  on  the  upland  forest  sites  that  fires 
had  maintained  as  savannas.   Douglas-fir  has  been 
the  primary  beneficiary  of  the  fire  suppression. 
The  historical  changes  within  a  single  represen- 
tative PSME/VACA  h.t.  forest  are  graphically 
displayed  in  figures  4  and  5.   The  earlier, 
fire-maintained,  open-canopied  ponderosa  pine 
(fig.  4,  pre-1900)  stand  rarely  included  Douglas- 
fir.   In  our  1982  census,  however,  Douglas-fir  had 
gained  a  strong  foothold  (fig.  5)  and  was  likely 
capable  of  replacing  the  pine  with  continued  fire 
exclusion.   The  Douglas-fir,  however,  also 
represent  ladder  fuels  that  would  remove  the 
ponderosa  pine  if  a  fire  entered  this  stand. 
Similar  interpretations  have  been  made  by 
Dieterich  (1983)  for  a  mixed  conifer  forest  in 
Arizona  and  by  Gruell  (in  press)  for  other  parts 
of  the  Northern  Rocky  Mountains. 

Although  the  occurrence  of  fire  on  the  winter  rang( 
has  not  been  completely  eliminated,  the  majority  ol 
the  fires  occurring,  from  all  causes,  between  1940 


Table  1. — Change  in  winter  range  habitat  components  in  the  Swan  Valley  between  1934  and  1981 


Winter  range 


Subunits 


Year 


Acres 


Percent  of 
total  range 


I.   Unlogged  forests 


1934 
1981 


27,280 
10,710 


77.5 
30.4 


II.   Logged  forests 


1934 
1981 


40 

17,360 


0.1 

49.3 


III.   Riparian/deciduous  forests 


1934 
1981 


4,040 
2,160 


11.5 
6.1 


IV.   Marshland/shrub  types 


1934 
1981 


3,250 
2,4  30 


9.2 
6.9 


V.   Roads,  homesites,  agriculture 


Totals  (1981) 


1934 


1981 


590 

2,540 
35,200 


1.7 

7.2 

100.0 


The  areas  within  each  subunit  were  delineated  from  aerial  photography. 
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1780-1880 


igure  4. — Graphical  analysis  of  a  0.2-acre 
0.07-ha)  plot  in  the  Swan  Valley  winter  range,  as 
he  site  existed  between  1780  and  1880.   A  Pinus 
onderosa   parklike  forest  was  present.   The 
argest  P  symbol  indicates  location  of  a  40-inch 
.b.h.  pine;  the  next  smaller  P's  are  trees 
etween  20  and  30  inches  d.b.h.;  the  smallest  are 
ines  15  to  20  inches  d.b.h. 


1950-1982 


igure  5. — Same  plot  as  shown  in  fig.  4,  but 
epresenting  the  1950-1982  era.  Pseudotsuga 
?nztestt   has  become  well  established.   The 
argest  D's  are  Douglas-fir,  6-11  inches  d.b.h.; 
le  next  smaller  D's  are  2-5  inches  d.b.h.;  the 
Dwer  case  d's  are  seedlings  0-2  inches  d.b.h. 
ie  L  is  a  6-inch  d.b.h.  Larix  occidentalis  ,    and 
le  SF  is  a  5-inch  d.b.h.  Abies    lasiocavpa.      Site 
3  classified  as  a  PSME/VACA  h.t.  (see  text). 


to  the  present  have  been  controlled  at  Class  A 
(less  than  1  acre).   The  once  open-canopied 
forests,  especially  those  on  the  southern  half  of 
the  range,  now  exhibit  increased  snow  interception 
as  well  as  increased  thermal  and  hiding  cover. 
They  also  reveal  reduced  production  of  important 
winter  browse  species.   Fire  exclusion  and  forest 
succession  have  altered  the  pattern  of  intersper- 
sion  and  diversity  of  critical  deer  habitat 
components.   Presently  the  unlogged  upland  forests 
supply  needed  winter  cover,  whereas  the  riparian 
sites  provide  much  of  the  essential  browse.   Many 
of  these  changes  took  place  between  1930  and  1955 
before  large-scale  logging  was  initiated. 


Logging  Impacts  on  the  Winter  Range 

Beginning  in  the  mid-1950' s,  logging  entries  and 
other  human  developments  accelerated;  these,  in  a 
sense,  tended  to  bring  about  increased  landscape 
diversity  but  did  not  replicate  the  original 
patterns.   The  present-day  pattern  effectively 
isolates  the  valuable  surviving  parts  of  the  winter 
range  from  one  another. 

Large  cutting  units,  ranging  up  to  1  mi^  (640 
acres;  259  ha)  or  more,  have  spatially  isolated 
the  riparian  components  and  have  generally  reduced 
winter  browse  availability  by  removing  canopies 
that  previously  prevented  deep  winter  snow  accumu- 
lations.  Specific  timber  harvesting  techniques 
directly  influence  winter  deer  movements  as  well 
as  levels  of  winter  browse  utilization.   The 
white-tailed  deer  prefer  serally  mature  forests 
that  are  positioned  near  the  riparian  sites. 
Recent  clearcut  sites  and  newly  established 
plantations  (under  15  years)  were  discovered  to  be 
only  lightly  used,  if  at  all,  during  the  period  of 
our  study  (table  2) .   The  browse  species  are 
commonly  abundant  on  most  logged  sites,  but  their 
availability  is  reduced  due  to  deep  snow  cover. 
We  estimate  that  20  to  40  years  of  recovery  may  be 
needed  before  significant  winter  deer  use  can  be 
expected  on  such  sites.   Depending  upon  site 
productivity,  this  is  the  time  required  for 
effective  tree  canopy  to  be  established.   The 
abundance  (percentage  cover)  of  most  winter  browse 
species  changes  on  logged  sites,  but  the  degree  of 
change  depends  upon  the  type  of  silvicultural 
system  employed.   Table  3  compares  browse  species 
occurrences  in  our  untreated  stands  to  those  in 
paired  treated  stands.   The  data  for  each  species 
listed  must  be  checked  for  these  interpretations. 
Some  increase  following  any  period  of  logging,  and 
others  respond  differently  to  complete  versus 
partial  canopy  removal.   Table  4  provides  data  on 
herbs  and  grasses  in  the  untreated  and  treated 
plots.   Many  native  species  show  reductions  after 
disturbance,  whereas  exotics  become  more  common  in 
the  logged  areas. 


Ordination  Analysis 

Further  interpretation  of  the  Swan  Valley  winter 
range  data  was  facilitated  by  the  construction  of  a 
polar  ordination  (fig.  6).   Much  of  the  composi- 
tional variability  existing  among  the  59  samples  is 
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Table  2. — Analysis  of  Swan  Valley  winter  range'- 


Topographic  positions 


Upland  sites 


Riparian  sites 


Moisture 
categories 


Dry  types 
(PSME/VACA,PSEM/SYAL) 


Mesic  types 
(ABLA/CLUN.ABGR/CLUN) 


Mesohydric  types 
(PICEA/CLUN,THPL/CLUN) 


Serai  classification 


Sapling   Pole   Mature    Sapling    Pole   Mature    Sapling 


Pole 


Mature 


Treated 


A.  Logged  & 
burned 
(clearcut , 
plantation, 
seed  tree) 


Canopy 

cover 

Browse 

Deer  use 


Low 
High 

Low 


Med 
Med 

Med 


High^ 
Low2 


Med^ 


Low 
High 

Low 


Med 
Med 

Med 


High^ 
Med^ 


High' 


Low 
High 

Low 


Med 
High 

Med 


High2 
Med^ 

High^ 


Logged        Canopy 
only  cover 

(selective)    Browse 

Deer  use 


Med^ 
Low^ 
Low^ 


High' 
Low2 
Med  2 


Med 
Med 
Med 


High' 

Low^ 

Med2 


Med 
Med 
Med 


High2 

Med^ 

High2 


C.  Burned 
only 


Canopy 
cover 
Browse 
Deer  use 


LoW^ 

High^ 

Low^ 


Med 

High 

Low^ 

Med 

High 

Low^ 

Med 

High 

Low 

Low 

High2 

Low 

Med 

High2 

High 

Med 

Low 

Med 

Low2 

Low 

High 

Low2 

High 

Extremt 

Untreated 

Mature,  old 
growth 


Canopy 
cover 
Browse 
Deer  use 


High 

Low 

Med 


High 

Med 

High 


High 

Med 
Extreme 


I 


Average  canopy  cover  of  tree  species  (qualitative  assessment  from  coverage  class  midpoints)  average  browse 
(qualitative  assessment  from  availability  and  productivity  of  prominent  browse  species)  ,  and  overall  deer 
use  are  summarized  according  to  serai  classification  and  treatment  category. 

^Estimates  (not  from  actual  sampling). 

SWAN  VALLEY  WINTER  DEER  RANGE:  Polar  Ordination 
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Figure  6. — Polar  ordination  of  the  samples  taken  on  the  Swan  Valley  winter  deer  range.   Numbers  refer  to 
samples  of  untreated  and  treated  sites.   See  text  for  further  explanation. 
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able  3. — Average  canopy  cover  of  major  winter  range  shrub  species  in  the  Swan  Valley^ 


Species 


Untreated 
(n  =  31) 


Percentage  cover 


Clearcut 
(n-8) 


Silviculturally  treated 


Plantation 
(n  =  11) 


Seed  tree 
(n  =  4) 


Selection 
(n  =  3) 


hrubs: 

kcev  glabrum 
Alnus  sinuata 
Amelanchier  alnifolia 
Ceanothus  velutinus 
Holodisous  discolor 
■Juniperus  communis 
Lonioera  cilosa 
Loniceva  utahensis 
IPachistima  myrsinites 
'fiosa  gymnocarpa 
iComus  stolonifera 
Eubus  ideaus 
Rubus  parviflorus 
Salix  spp. 

'Shepherida  canadensis 
[Spiraea  betulifolia 
Symphoricarpos  albus 
Vaccinium  caespitosum 
Vaccinium  globulare 


27 
63 
26 
9 
8 
6 
3 
8 
2 

16 
26 

2 
13 

8 
22 
10 
30 
12 
11 


36 
15 
39 
20 
15^ 

6 

3 


15 
15 
24 
15 
3 
18 
12 


15 
37 
38 
24 
10 
3 


12 

12 
3 

10 

38 
3 

38 
3 


38 

34 
24 

15 


3 
18 
15 
15 

6 
30 
10 
15 


9 

9 

3 

3 

5 

5 

15 

15 
3 

9 

63 

3 


abshrubs : 

\irctostaphylos  uva-ursi 
Berberis  repens 
Linnaea  borealis 


23 

5 

16 


22 

9 

12 


42 
3 
3 


50 
10 
10 


30 

3 

13 


Data  are  provided  for  untreated  stands  and  various  logged  and/or  planted  stands  of  occurrence, 
t  =  trace  percent  cover. 


isplayed  within  this  two-dimensional  figure.   With 
lis  ordination,  we  have  identified  several  inter- 
:ting  ecological  gradients  within  the  winter 
3nge:   site  moisture,  topographic  position,  and 
ilvicultural  treatment  (fig.  6).   Topography  and 
Lte  moisture  are  closely  linked  and  stem  from  the 
ast  influence  of  glaciation.   The  untreated 
ancut)  stands  occupy  the  left  half  of  the 
rdination;  the  wettest  forest  type,  PICEA/CLUN, 
2curs  on  the  extreme  left,  whereas  the  drier, 
itreated  PSME/VACA  stands  occupy  the  central  part, 
Lth  other  mesic  types  in  between.   Any  of  the  past- 
ilvicultural  treatments  applied  to  these  stands 
;learcut) ,  selection,  (plantation)  induced  compo- 
Itlonal  alterations,  and  these  changes  cause  an 
rdinational  shift  of  the  stands  to  the  right,  with 
le  clearcut/plantations  occupying  the  extreme 
i-ght  side  of  the  stand  ordering. 

le  ordination  approach  allows  us  to  evaluate  the 
iJgree  of  community  change  induced  by  logging  in 
le  various  forest  habitat  types  that  compose  the 
illey's  winter  deer  range.   The  moist  forest  types 
ludied,  PICEA/CLUN,  ABGR/CLUN  and  THPL/CLUN,  are 
impositionally  altered  to  a  greater  degree  than 


are  the  drier,  upland  forest  type 
VACA  and  PSME/SYAL.  That  is,  the 
compositional  dissimilarity  betwe 
PICEA/CLUN  samples  (about  70  perc 
than  between  the  stand  pairs  take 
sites  (about  50  percent  dissimila 
moist  forests  become  very  brushy, 
species  residing  in  low  amounts  i 
stands  achieving  much  higher  cove 
canopy  removal  and  other  shrubs  s 
and  becoming  well  established  aft 
treatments.  These  phytosociologi 
were  determined  from  detailed  int 
the  untreated  and  treated  stand  p 
polar  ordination. 


s,  such  as  PSME/ 

percentage  of 
en  the  paired 
ent)  is  greater 
n  from  PSME/VACA 
r)  .   The  cutover 

with  shrub 
n  the  untreated 
r  values  after 
pecies  entering 
er  the  logging 
cal  differences 
erpretations  of 
airs  within  the 


Classification  of  Treated  Stands 

We  developed  a  classification  for  the  silvicultural 
treated  stands  located  on  the  winter  deer  range.   A 
combination  of  current  cover  dominants  and  succes- 
sional  recovery  stage  was  used  to  arrive  at  four 
different  community/structural  classes  (table  5). 
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Table  4. — Comparison  of  forb  and  gramlnoid  responses  In  untreated  (n  =  31)  and  treated  (n  =  28)  plot  pairs 
sampled  on  the  Swan  Valley  winter  range 


Species 


Untreated  Plots 


Presence 


Cover 


Treated  Plots 


Presence 


Cover 


Forbs : 

Achillea  millefoliwn 
Aotaea  rubra 
Aralia  nudicaulis 
Arnica  latifolia 
Aster  conspicuous 
Athyrium  filix-femina 
Clintonia  uniflora 
Comus  canadensis 
Fragaria  vesca 
Galium  triflorum 
Lupinus  sericeus 


9 
33 
15 
42 
39 

6 
73 
33 
76 
52 
39 


2 
2 

12 
3 
1 

20 
4 
4 
5 
6 
2 


Percent 


27 
12 
12 
19 
19 

46 
12 
85 
23 
12 


t 
3 
19 
2 
2 

2 
10 
4 
1 
2 


Melilotus  officinalis 
Smilacina  raoemosa 
Smilacina  stellata 
Streptopus  amplexifolius 
Thalictrum  occidentale 

3 

30 
42 
42 
55 

t 
4 
4 
6 
5 

12 
8 
35 
12 
23 

1 
2 
2 

1 

Tri folium  repens 
Viola  orbiculata 
Xerophyllum  tenax 

3 

45 

6 

3 
2 

t 

12 
31 

4 

14 
2 

3 

1 

Grasses: 

Bromus  vulgaris 
Calamagrostis  rubescens 
Carex  geyeri 
Festuca  ocoidentalis 

36 

88 
79 
48 

2 

18 

3 

2 

46 
96 
92 
62 

3         1 
17 

8 
12 

^Percentage  presence  and  average 

percentage  cover,  based  on  plots  o 

f  occurrence,  are  g 

Iven  t  =  trace. 

Table  5. — Community-structural  classification  for  the  silviculturally  treated  study  areas  in  the  Swan 
Valley  winter  range 


Community/structural      Treatment 
category  type 


Associated  tree 

2 
species 


Canopy 
coverage 


Browse 
levels 


Winter  deer 
use 


Ponderosa  pine/sapling 

Ponderosa  pine/pole 
Douglas-fir /pole 


Plantation      PICO.PSME,  LAOC         Low  High        Low 

Clearcut        ABLA,  PICEA,  ABGR 

Plantation      PICO,  PSEM,  LAOC        Medium        Medium      Medium 

Selection       LAOC,  PIPO,  PICEA       Medium        Medium      Medium 
ABGR 


Lodgepole  pine-larch/     Clearcut 
sapling  Seed  tree 


Lodgepole  pine-larch/ 
pole 


Clearcut 
Seed  tree 


PIPO,  PSME,  ABLA, 
PICEA 

PSME,  PIPO,  ABGR, 
ABLA 


Low 


Low 


High 


High 


Low 


Low 


Dominant  tree  and  serai  stage  are  employed  in  establishing  the  classes.   Levels  of  canopv  cover  are 
based  on  estimated  cover  classes;  browse  assessments  are  based  on  field  assessments  of  average  avail- 
ability and  productivity;  and  deer  use  is  based  on  qualitative  assessments  taken  in  winter  months  and 
direct  field  observations. 

WVr^'^    r"  "■'"^^^  °\   descending  dominance:   PICO  =  Pinus   oontorta;    PSME  =  Pseudotsuga  menziesii: 
LAOC  -  Lartx  occzdentaHs;   ABLA  =  Abies   lasiocarpa;   ABGR  =  Abies  grandis;    PICEA  =  Picea  spp. 
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1.  The  ponderosa  pine/sapling  type  is  common 
n  sites  that  were  either  clearcut  or  left  for 
atural  regeneration  or  clearcut  and  established 

s  plantations.   This  category  often  exhibits 
ight  winter  deer  use.   We  recorded  lodgepole 
ine ,  Douglas-fir,  and  western  larch,  as  well  as 
he  climax  species  in  these  young  forest  types. 

2.  The  ponderosa  pine/pole  type  includes 
tands  that  do  receive  moderate  levels  of  winter 
eer  use;  overstory  canopy  is  sufficient  to 
rovide  cover,  and  browse  is  available. 
Istablished  ponderosa  pine  plantations  often 
nclude  other  serai  conifers  that  have  invaded. 

3.  The  Douglas-fir /pole  types  that  have  been 
electively  logged  support  moderate  levels  of 
inter  deer  use. 

4.  Lodgepole  pine/larch/sapling-pole  types 
re  derived  from  stands  that  were  either  clearcut 
r  seed-tree  cut.   These  types  are  dominated 
ointly  by  lodgepole  pine  and  western  larch,  but 
ouglas-fir,  ponderosa  pine,  and  each  site's 
limax  species  (spruce,  grand  fir,  subalpine  fir) 
re  often  present  in  varying  amounts.   Winter  deer 
se  was  low  in  the  lodgepole  and  larch  types; 
rowse  is  adequate,  but  insufficient  cover  exists. 


UMMARY  AND  CONCLUSIONS 

he  upper  Swan  Valley  winter  deer  range  in  western 
ontana,  before  modern  fire  suppression  and  other 
Intrusions  by  Euroamericans,  consisted  of  a  complex 
[osaic  of  successional  stages  representing  a  fairly 
lide  assortment  of  vegetation  types.   The 
egetation  mosaic  provided  both  summer  and  winter 
abitat  requirements,  but  we  can  only  speculate  on 
ihe  details  of  the  original  fire-induced  forest 
iversity  and  the  numbers  of  white-tailed  deer  it 
upported.   The  winter  range,  furthermore,  is  set 
pon  a  landscape  that  exhibits  a  diverse  micro- 
opography  developed  by  Pleistocene  glaciation.   We 
elieve  that  this  intricate  pattern  of  diversity 
as  critical  to  the  maintenance  of  the  historical 
eer  populations  in  this  valley. 

I 

jur  studies  suggest  that  frequent  low-intensity 
tires,  before  1930,  maintained  open  savanna-like 
Jonderosa  pine  stands  (mature  serai) ,  with  forb- 
raminoid  understories ,  on  the  southern  half  of  the 
inter  range.   At  the  same  time,  longer  interval 
ire  rotations  affected  the  northern  third, 
reducing  a  greater  proportion  of  western  larch 
ominance  as  well  as  even-aged  lodgepole  pine  cover 
ypes.   Although  sufficient  snow  intercept  cover 
thermal/hiding  cover)  might  have  been  present 
uring  these  presuppression  times,  tall  browse 
pecies  may  not  have  been  consistently  represented 
n  these  fire-maintained  ecosystems.   And  these 
lants  likely  remained  in  low  abundance  and  low 
vailability  until  the  turn  of  this  century.   We 
re  in  agreement  with  Wallmo  and  Schoen  (1980)  that 
cologists  need  to  practice  greater  care  in  inter- 
reting  deer-fire  vegetation  relationships  and  be 
ite-specific  when  Interpretations  are  made. 


We  also  believe  the  50+  years  of  fire  exclusion, 
the  multiple  land  ownerships  that  fragmented  the 
winter  range,  and  the  timber  harvesting  regimes 
combined  to  alter  white-tailed  deer  numbers  and 
distributions.   Deer  numbers  likely  increased  to 
levels  during  the  fire  suppression  era  (post-1930) 
exceeding  the  number  present  before  these  landscape 
changes  (that  is,  browse  increased  and  canopies 
remained  intact).   And,  as  succession  continued 
toward  climax,  forest  development  and  structural 
attributes  advanced  or  "succeeded"  beyond  the 
ecological  optimum  for  the  deer.   Before  the 
singular  impact  of  fire  suppression  could  be 
witnessed  and  assessed  by  ecologists,  however,  the 
winter  range  was  subjected  to  the  logging  entries 
we  have  described  in  this  report. 

Concerning  the  modern  complexities  associated  with 
multiple  land  ownership  and  diverse  management 
philosophies,  it  would  be  unrealistic  to  think  of 
managing  the  upper  Swan  Valley  deer  range  as  a 
natural  area  with  pristine  qualities.   Carefully 
planned,  integrated,  and  implemented  silvicul tural 
treatments,  however,  could  closely  mimic  known 
natural  processes,  resulting  in  a  more  productive 
habitat  for  a  relatively  stable  white-tailed  deer 
population.   The  white-tailed  deer  in  this  part  of 
Montana  have  adapted  themselves  to  present-day 
habitat  components,  best  described  as  a 
"cultivated"  landscape.   However,  future  numbers  of 
deer  sustained  on  this  range,  maintained  as  a  part 
of  an  ecologic  steady  state,  will  depend  on  the 
timing,  type,  and  Intensity  of  timber  harvests, 
postlogging  site  treatments,  and  how  we  employ  our 
improved  understanding  of  the  role  of  fire,  and  its 
absence,  in  the  successional  process.   None  of  this 
will  be  possible  without  coordination  of  future 
development  policies  of  the  multiple  land  owners. 
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The  purpose  of  this  paper  is  to  summarize 
investigations  of  responses  of  vegetation  and 
bighorn  sheep  (Ovis  canadensis  nelsoni,    0.    C. 
califomiana)    to  wildfire  and  prescribed  burns  in 
British  Columbia,  Idaho,  and  Montana,   Historical 
records  compiled  by  Stelfox  (1971)  and  Smith 
(195A)  suggest  that,  in  addition  to  other 
habitats,  bighorn  originally  occurred  in  areas 
where  fires  were  frequent.   Perhaps  because  of  the 
sensitivity  of  this  species  to  human  influences, 
direct  or  indirect  (as  through  livestock  grazing) , 
and  their  frequent  association  with  climax 
bunchgrass  winter  range,  the  prevailing  management 
for  bighorn  habitat  has  been  to  exclude  livestock 
and  minimize  human  activity.   In  the  last  decade. 
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a  few  investigations  into  fire-bighorn-habitat 
relationships  have  occurred,  motivated  primarily 
by  the  low  population  levels  which  continued  to 
persist  in  some  areas  even  after  adequate 
protection  of  habitat  and  populations  was 
achieved.   Additionally,  habitat  manipulation  to 
improve  forage  sources  using  prescribed  fire  was 
becoming  more  widely  recognized  as  an  acceptable 
practice.   Finally,  areas  of  prime  bighorn  habitat 
where  wildfire  was  common  were  being  incorporated 
into  wilderness,  and  a  knowledge  of  bighorn 
response  to  fire  was  needed  if  fire  was  to  be 
restored  to  the  ecosystem.  i 

Seven  areas  have  been  investigated  in  the  British 
Columbia-Idaho-Montana  region  and  are  reviewed 
here:  Wigwam  Flats  and  the  Bull,  Chilcotin,  and 
Ashnola  River  areas  in  British  Columbia;  East  Fork 
and  Middle  Fork  Salmon  River  areas  in  Idaho;  and 
Glacier  National  Park,  Mont.   Each  represents  a 
case  study  comprising  different  habitats, 
responses,  and  implications  for  management  and 
further  research. 


ASHNOLA  RIVER-EWART  CREEK,  BRITISH  COLUMBIA 

Description  of  Area 

The  prime  California  bighorn  {Ovis  canadensis 
cali form  ana)   winter  range  habitat  in  the 
Similkameen  River  valley  has  been  preempted  by 
orchards,  alfalfa  fields,  livestock  grazing,  and 
human  settlement.   The  bighorn  winter  ranges  in 
the  Ashnola  River  valley  can  be  considered  as 
refuges  for  a  historically  much  larger  population. 
Two  populations  exist  in  the  Ashnola:  one  on  the 
grasslands  above  Ewart  Creek  and  one  on  the 
grasslands  of  Crater  Mountain. 

The  Ashnola  valley  is  dominated  by  steep  relief, 
with  deeply  entrenched  valleys.   The  grasslands 
are  topographically  controlled,  and  few  potential 
grassland  sites  exist.   The  existing  winter  ranges 
above  Ewart  Creek  are  a  mixture  of  bunchgrass 
communities  dominated  by  Agropyron  spicatum, 
Festuca  idahoensis,   Koeleria  miaranthaj   Poa 
pratensiSy    or  Festuca  saabrella.      This  area  would 
be  considered  a  high  jnountain  winter  range  area. 

Areas  adjacent  to  the  grasslands  are  dense 
forests  of  Pseudotsuga  menziesii,    Finns  contorta, 
or  Piaea  engelmanii ,   depending  on  elevation.   Six 
major  fires  have  occurred  in  the  valley  in  the 
past  140  years.   The  most  recent,  in  the  late 
1920's,  occurred  during  a  period  of  extreme 
drought  (Harcombe  and  Kowall  1983). 
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lere  is  only  minor  encroachment  of  forests  onto 
rassland  soils;  the  boundary  between  grassland 
jlls  and  those  associated  with  forests  is 
Lstinct,  following  almost  exactly  the  present 
ree  margins.   Present  grasslands  have  remained 
:able  for  several  centuries  (Harcorabe  and  Kowall 
)83). 


irning  Management  Program 

18  bunchgrass  communities  have  been  heavily 
razed  by  domestic  livestock  (cattle,  sheep,  and 
irses)  in  the  past  and  by  bighorn  sheep  and  mule 
;er  (Odocoileus  hemonus)    (Blood  1961;  Demarchi 
)65).   Any  effects  of  fires  on  the  grasslands 
!ve  been  greatly  masked  because  of  heavy  grazing. 

le  British  Columbia  Fish  and  Wildlife  Branch 
igional  office  at  Penticton  suggests  that  the 
vart  Creek  herd  of  bighorn  sheep  would  benefit  if 
Ine  designated  areas  were  burned  (Hankins  1962); 
)wever,  it  is  doubtful  that  burning  any  of  those 
.ne  areas  would  increase  forage  productivity  on 
.nter  ranges  or  that  burning  would  create  new 
-nter  ranges  or  enlarge  existing  ones.   In 
Idition,  burning  existing  grasslands  would  cause 
net  nutrient  loss  due  to  the  poor  cation 
:change  capacities  of  these  soils  (Harcombe  and 
wall  1983). 


BULL  RIVER,  BRITISH  COLUMBIA 

Description  of  Area 

The  Bull  River  Rocky  Mountain  bighorn  (Ovis 
canadensis  canadensis)   winter  range  is  located  on 
the  glacier  terraces  and  cutbanks  of  the  north 
side  of  the  Bull  River  in  the  Rocky  Mountain 
Trench.   This  winter  range  was  logged  in  the 
1920's;  in  July  1931,  two  large  fires  burned  the 
logging  debris  and  remaining  forests.   Once  the 
tree  canopy  was  removed,  the  high  evapotranspiration 
rate  and  calcareousness  of  the  limestone-derived 
soils  were  able  to  retard  any  tree  encroachment  on 
to  the  newly  established  shrub-grasslands. 

Subsequent  to  the  removal  of  the  forest  canopy, 
feral  horse  numbers  increased  until  an  active 
program  by  the  British  Columbia  Forest  Service  was 
initiated  to  remove  them  from  all  public  lands  in 
the  East  Kootenay.   Domestic  sheep  were  permitted 
on  crown  range  in  the  1940' s  and  1950 's  but  were 
replaced  by  cattle.   Mule  deer,  white-tailed  deer 
{Odocoileus  virginianus) ,  and  bighorn  sheep 
numbers  increased  subsequent  to  the  forest  canopy 
removal  and  then  declined  rapidly  in  the  early 
1960's  during  a  period  of  deep  snow  winters, 
probably  as  a  result  of  forage  shortages  due  to 
too  many  ungulates  on  the  range. 


liming  the  immature  forests  and  scrublands 
Ijacent  to  the  winter  ranges  could  provide 

gration  avenues  from  winter  ranges  to  summer 
inges,  with  some  potential  spring  and  fall  use 
inges  being  created.   Several  sparsely  forested 

tes  are  now  used  as  migration  corridors,  and  it 
i  doubtful  that  additional  corridors  are 
'cessary . 


.ghorn  Response 

closed  bighorn  hunting  season  from  1909  to  1955 
except  for  1947) ,  a  predator  control  program  from 
'52  to  1955,  and  the  removal  of  domestic  sheep 
om  the  summer  ranges  produced  no  immediate 
iiservable  increase  in  the  bighorn  numbers  (Blood 
i'61).   Bighorn  numbers  did  increase,  however,  by 
jl'o  to  two  and  one-half  times  in  the  mid-1960's. 
ittle  were  removed  from  the  main  Ewart  Creek 
ghorn  winter  ranges  in  1968;  as  yet  the  bighorn 
imbers  have  not  increased  over  those  of  the 
d-1960's. 
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Burning  Management  Program 

The  Bull  River  winter  range  was  subjected  to 
several  decades  of  overgrazing  by  domestic  and 
wild  ungulates;  this  caused  severe  livestock- 
wildlife  interest  conflicts.   In  1974  this  winter 
range  was  included  in  a  coordinated  wildlife- 
livestock  management  plan  that  allowed  for  the 
buildup  of  forage  carryover,  control  of  livestock 
distribution  by  herding  and  drift  fences,  and  the 
implementation  of  a  controlled  burning  program. 

On  April  15  and  16,  1975,  the  British  Columbia 
Fish  and  Wildlife  Branch  and  the  B.C.  Forest 
Service  burned  approximately  600  ac  (243  ha)  of 
shrub/grass  vegetation  on  moraine,  alluvial  fans, 
and  lower  mountain  slopes.   On  April  5  and  6, 
1976,  they  burned  approximately  540  ac  (218  ha)  of 
shrub/grass  vegetation  on  glacial  terraces  and 
escarpments.   The  primary  vegetation  community 
before  these  burns  was  serai  shrub-grassland 
dominated  by  Purshia  tridentata,   Amelanohier 
alnifolia,   Rosa  woodsii,  Arctostaphylos  uva-ursi, 
Poa  pratensis,   Poa  compvessa,    Bromus  tectonmi, 
Stipa  occidentalism   and  Antennaria  rosea. 

The  burning  reduced  the  P.    tridentata   canopy  and 
Increased  the  grass  and  forb  component  of  the 
stand.   The  control  of  cattle  grazing  allowed 
reestablishment  of  A.    spicatxm,    F.    scabrella ,   and 
F.    idahoensis. 


Population  Response 

Rocky  Mountain  bighorn  response  to  the  1931  fires 
was  not  documented.   An  adjacent  bighorn 
population,  on  the  Wildhorse  River  bighorn  winter 
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range  that  exists  on  a  series  of  rocky  outcrops 
and  escarpments  in  a  dense  P.  menziesii/Pinus 
ponderosa   forest,  has  about  50  animals.   The  Bull 
River  area  would  probably  have  had  the  same  stand 
structure  before  logging  in  the  1920's  as  the 
Wildhorse  River  has  now  and  was  approximately  the 
same  size,  so  there  would  have  been  habitat  for  40 
to  60  animals.   By  1964,  in  spite  of  the  heavy 
livestock,  elk  (Cervus  elaphus) ,   mule  deer,  and 
white-tailed  deer  grazing,  there  were  250  to  300 
bighorn  on  this  winter  range.   A  severe  die-off 
occurred  in  the  winter  of  1964-65,  affecting  all 
age  classes  of  bighorn;  only  about  10  animals 
survived.   By  1981  the  bighorn  population  had 
recovered  to  about  50  animals. 

The  bighorn  responded  to  the  original  logging  and 
forest  fire  that  eliminated  the  forest  canopy  by 
increasing  fivefold  to  sixfold.   Animals  that  had 
survived  a  severe  die-off  caused  by  overgrazing 
and  deep  snows  in  1964-65  were  able  to  rebuild  the 
population  to  50  from  less  than  10  once  the  range 
condition  had  been  improved  by  proper  livestock 
distribution  and  a  prescribed  burning  program. 
The  Bull  River  bighorn  herd  appears  to  have 
resisted  the  pneumonia-lungworm  epidemic  which 
decimated  adjacent  herds  in  the  1981-82  and 
1982-83  winters. 


CHILCOTIN  RIVER- JUNCTION  WILDLIFE  MANAGEMENT  AREA, 
BRITISH  COLUMBIA 

Description  of  Area 

The  California  bighorn  (Ovis  canadensis 
califomiana)    that  occur  along  the  river  breaks  of 
the  lower  Chilcotin  River  and  breaks  off  the  lower 
Chilcotin  River  and  adjacent  Eraser  River 
(designated  as  the  Junction  Wildlife  Management 
Area)  are  nonmigratory .   They  exist  year-round  on 
dry,  low-elevation  grasslands,  which  are  composed 
of  few  plant  species.   The  climax  communities  are 
dominated  by  A.    spicatim,    K.    miarantha,    and 
Artemisia  frigida,   whereas  serai  stands  reflecting 
intense  grazing  pressure  are  dominated  by  Stipa 
comata,   K,   micrantha,  A.   frigida,   and  A.   rosea 
(Demarchi  and  Mitchell  1973) .   Some  stands  of 
A.    tridentata  and  A.    spicatum   exist  at  low 
elevations  above  the  Eraser  and  Chilcotin  Rivers. 
Some  P.   menziesii   forests  occur  on  strong  east- 
and  northward-facing  slopes,  although  on  the 
bighorn  range  few  such  sites  exist. 

This  area  is  composed  of  deep  lacustrine  silts 
over  deeper  fluvial  deposits;  the  rivers  are 
deeply  incised  and  have  long  grassland  slopes 
interspersed  with  exposed  silt  or  rock.   The 
Eraser  River  flows  around  this  land  unit,  and  the 
Chilcotin,  which  takes  the  full  force  of  southerly 
winds,  flows  southeasterly  into  the  Eraser  River 
valley. 

The  grasslands  do  not  show  any  evidence  of  being 
burned;  such  sign  probably  has  been  obliterated  by 
the  intense  livestock  grazing  that  occurred  on 
this  range  from  the  late  1800's  to  1973.   Adjacent 
forests  are  often  immature,  and  the  large 
matriarchal  P.    menziesii   show  evidence  of  multiple 


fire  scars — on  an  adjacent  range,  Strang  and 
Parminter  (1980)  suggest  that  the  last  large 
forest  fire  in  the  region  was  before  1926,  and 
that  the  lack  of  subsequent  fires  was  due  to  the 
removal  of  litter  by  grazing. 


Burning  Management  Program 

The  British  Columbia  Eish  and  Wildlife  Branch 
regional  office  at  Williams  Lake  developed  a 
management  plan  for  the  Junction  Wildlife        i 
Management  Area.   They  recommended  prescribed 
burning  as  a  tool  to  reduce  or  retard  encroachmeni 
of  brush  or  coniferous  species.   Prescribed 
burning  was  also  to  be  used  to  rejuvenate  the  sol!; 
and  Increase  grass  production  (Mitchell  and 
Prediger  1974).   Several  sites  were  burned  before 
spring  green-up  in  the  period  1975-81.   Each  area 
was  completely  burned. 

In  1970  a  drift  fence  was  constructed  to  restrict)! 
livestock  movement  on  the  main  bighorn  range,  and  J 
in  1973  cattle  were  removed  from  this  area.   For 
several  decades  before  1973,  this  area  was  used  t\ 
winter-over  several  hundred  steers. 

Burning  of  the  A.    tridentata   stands  killed  off  al 
the  A.    tridentata   and  most  of  the  A.   frigida. 
Agropyron  spicatum   was  not  affected,  and  S.    comatt 
increased  on  some  sites. 

Burning  of  previously  overgrazed  sites  that  had 
been  dominated  by  S.    comata,   A.    frigida,   and  C. 
album   resulted  in  stands  that  became  dominated  byi 
dense  swards  of  S.    comata.  ' 


Bighorn  Population  Response  ' 

Bighorn  populations  in  this  range  have  fluctuated 
however,  most  of  that  information  has  been  lost 
with  time.   The  area  was  closed  to  bighorn  huntin 
from  1918  to  1975.   In  the  1930's  a  local  rancher 
complained  that  placer  miners  were  decimating  the 
bighorns.   In  1954,  250  bighorn  were  counted,  and 
in  1961,  the  year  of  the  first  helicopter  survey, 
401  animals  were  observed.   Deep  snow  and  extreme 
cold  in  the  months  of  December  1968  and  January 
1969  triggered  a  decline  and  in  March  1969  only 
231  animals  were  counted  (Demarchi  and  Mitchell 
1973).   By  February  1981  there  were  over  600 
bighorn  on  this  range  (Mitchell  1981). 

The  reduction  of  cattle  grazing  from  1969  to  1973 
and  the  full  removal  of  cattle  from  this  range 
since  1973  have  undoubtedly  been  the  major 
reasons  for  the  improved  forage  carryover  and 
species  composition  changes  that  have  been 
observed  in  the  period  1968  to  1983.   The  spring 
burning  program,  however,  may  have  hampered  the 
recovery  of  the  overgrazed  grasslands.   These 
grassland  soils  have  low  cation  exchange 
capacities,  so  it  is  doubtful  burning  will  help 
achieve  the  management  objective  of  releasing  sol 
nutrients  for  further  plant  growth  (Dick  1980) . 
Any  increase  in  bighorn  numbers  can  be  attributed 
to  the  termination  of  abusive  livestock  grazing, 
which  has  subsequently  increased  forage  carryover 
and  improved  range  conditions. 
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he  burning  program  does  not  seem  to  have  had  any 
egative  impacts  on  the  bighorn.   In  fact,  they 
re  probably  less  likely  to  be  discouraged  from 
reversing  the  narrow  bands  of  forests  where  the 
anopy  has  been  opened.   There  is,  however,  no 
orest  encroachment  onto  areas  that  are  considered 
otential  winter  range  habitat  or  that  are 
ritical  habitats  because  these  sites  are 
ssentially  permanent  grasslands.   The  burning  of 
he  A.    tridentata   stands  may  have  removed  some 
over  that  could  be  used  as  hiding  cover,  thermal 
over  (from  intense  summer  heat) ,  a  snow 
nterceptor,  and  a  possible  forage  source. 


IGWAM  FLATS,  BRITISH  COLUMBIA 

ascription  of  Area 

he  Wigwam  Flats  Rocky  Mountain  bighorn  (Ovis 
anadensis  canadensis)   winter  range  Is  located  on 

large  glacial  terrace,  steep  rocky  outcrops,  and 
luvial  deposits  north  of  the  Wigwam  River  and 
ast  of  the  Elk  River  in  the  Rocky  Mountain 
rench.   This  unit  was  not  logged  before  the  large 
ire  that  burned  across  it  in  July  1931.   Once  the 
ree  canopy  was  removed,  the  high 
vapotranspiration  rate  combined  with  the 
alcareousness  of  the  limestone-derived  soils  was 
ble  to  retard  any  tree  encroachment  onto  the 
ewly  established  shrub-grasslands. 

everal  attempts  were  made  to  homestead  this  range 
nit,  and  it  was  grazed  with  domestic  sheep, 
Worses,  and  cattle  until  the  mid-1950's.   From 
954  to  the  early  1970' s  only  a  few  domestic 
orses  grazed  this  unit.   In  1929  the  area  was 
esignated  as  a  Hunting  Closed  Area,  and  a  hunting 
an  was  placed  on  all  members  of  the  deer  family 
jbut  not  on  bighorn  sheep).   The  numbers  of  elk 
nd  mule  deer  increased  to  form  large  herds  until 
he  fall  of  1965,  when  the  hunting  restrictions 
ere  removed.   Bighorn  sheep  numbers  had  increased 
ntll  the  early  1960's,  when  a  die-off  reduced 
heir  numbers  to  about  200  or  250,  or  one-half  the 
jiormer  population. 


urning  Management  Program 

his  winter  range  has  not  been  grazed  by  cattle 
or  several  decades;  the  primary  use  of  the  forage 
esource  is  for  elk,  bighorn  sheep,  and  mule  deer, 
he  British  Columbia  Fish  and  Wildlife  Branch  has 
iurned  some  of  the  serai  shrub-grass  communities 
jn  order  to  stimulate  resprouting  of  shrubs  to 
eneflt  the  elk  and  mule  deer.   Bighorn  habitat 
as  been  burned  in  the  process.   This  burning, 
onducted  before  spring  green-up,  has  produced 
ositive  responses  in  the  vegetation.   In  most 
ites  only  the  standing  litter  was  removed;  at 
ther  sites,  the  shrub  growth  has  been  retarded, 
llowing  A.    spiaatum   and  F.    scabrella   to  dominate. 


opulation  Response 

ocky  Mountain  bighorn  response  to  the  1931  fire 
s  not  documented.   Judging  from  the  small  bighorn 


populations  that  occur  in  adjacent  forested 
habitats  and  other  similar  areas,  the  Wigwam  Flats 
bighorn  herd  before  1931  was  probably  less  than 
200.   By  196A,  in  spite  of  the  homesteading 
attempts  and  the  heavy  elk  and  mule  deer  grazing, 
bighorns  numbered  about  450  to  500. 

An  all-age  die-off  occurred  in  the  winter  of 
1963-64  and  was  followed  by  low  lamb  production. 
The  population  declined  to  about  200  or  250.   With 
the  opening  of  the  range  to  the  hunting  of  elk  and 
deer,  their  numbers  were  severely  reduced  and  the 
condition  of  the  range  improved.   By  1970  there 
were  300  to  350  bighorn  on  this  range,  and  by  1977 
the  number  had  reached  450  to  500.   In  the  winter 
of  1981-82,  however,  another  die-off  and 
subsequent  lamb  crop  failure  occurred,  and  the 
bighorn  numbers  were  reduced  to  125. 

Elimination  of  the  forest  canopy  through  burning 
has  improved  the  conditions  for  bighorn  sheep  on 
this  range.   As  there  is  very  little  forest 
encroachment  on  the  bighorn  winter  range  at 
present,  fire  is  not  needed  to  Increase  winter 
range  habitat  for  bighorns.   There  is  sufficient 
bighorn,  elk,  and  mule  deer  grazing  to  prevent  the 
forage  species  from  becoming  rank.   Burning  of  the 
serai  shrub-grasslands  at  this  time  will  not 
further  enhance  this  range  for  bighorn;  however, 
burning  of  adjacent  areas  would  be  desirable  to 
expand  mule  deer  and  elk  winter  ranges  in  order  to 
reduce  competition  with  bighorns. 


EAST  FORK  SALMON  RIVER,  IDAHO 

Description  of  Area 

The  bighorn  winter  range  on  the  East  Fork  of  the 
Salmon  River  is  about  21,200  ac  (8  582  ha)  of 
sagebrush-grassland  communities  and  is  dominated 
by  A.    tridentata  wyomingensis,   A.    spiaatum,   F. 
idahensiSj    and  Poa  sandhergi    (Lauer  and  Peek 
1976).   This  area  receives  approximately  7  in  (If 
cm)  annual  rainfall  and  is  thus  among  the  drier 
winter  ranges  occupied  by  bighorn  in  this  region. 
The  area  is  high,  ranging  from  about  5,700  to 
about  8,000  ft  (1  744  to  2  438  m)  elevation,  and 
is  representative  of  bighorn  winter  ranges  along 
the  Salmon  River  south  of  Salmon,  Idaho. 


Vegetation  Response  and  Utilization 

Seven  study  sites  0.12  to  1.1  acres  (0.05  to  0.45 
ha)  were  burned  in  September  1974  using  hand-held 
propane  torches  and  flares  (Peek  and  others  1979). 
Each  area  was  completely  burned,  with  unburned 
stubble  height  on  bluebunch  wheatgrass  being  less 
than  0.1  in  (0.25  cm),  and  all  Wyoming  big 
sagebrush  plants  burned  to  ground  level.   No  fall 
regrowth  occurred  after  burning.   Bluebunch 
wheatgrass  declined  in  production  the  first  year 
after  the  fire,  then  increased  the  following  2 
years.   No  change  in  basal  diameters  of  this 
species  after  burning  were  noted.   Other  grasses 
were  not  affected. 
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Perennial  forbs  were  not  affected,  except  for  an 
increase  in  production  the  second  year  following 
burning.   This  was  likely  related  to  precipitation 
patterns.  Lupinus  spp.,    and  Crepus  acuminata   were 
the  major  forbs.   Big  sagebrush  seedlings  appeared 
two  growing  seasons  after  the  fire. 

Heavy  utilization  by  bighorn  sheep  using  these 
burned  areas  occurred  the  following  two  winters 
after  the  fire,  with  over  66  percent  of  the  plants 
grazed.   Utilization  was  consistently  higher  on 
burned  sites  than  on  adjacent  unburned  sites  for  4 
years  after  the  fire. 

The  Bureau  of  Land  Management  (BLM)  developed  a 
habitat  improvement  plan  for  this  winter  range 
after  these  experimental  burns  suggested  that 
vegetation  could  be  made  more  palatable  to  bighorn 
sheep  by  using  prescribed  fire.   Drainage  heads  on 
this  winter  range,  which  are  preferred  bighorn 
sheep  sites,  have  received  most  attention.   To 
date,  an  estimated  15  to  20  percent  or  346  acres 
(140  ha)  of  these  drainage  heads  have  been  treated 
(Smith  1983).   BLM  is  continuing  this  program  of 
burning. 


Bighorn  Sheep  Population  Response 

The  bighorn  sheep  population  was  estimated  at  less 
than  50  animals  by  Idaho  Department  of  Fish  and 
Game  from  I960  to  1970.   After  this  date,  the 
population  started  to  increase,  until  in  1983,  132 
individuals  were  present  (Hickey  1983). 

Bighorn  sheep  populations  have  thus  gone  through 
three  fluctuations,  ranging  from  fewer  than  50 
individuals  to  over  100  individuals  in  the  1920  to 
1983  period  in  this  area.   Causes  of  these 
fluctuations  are  unknown,  but  the  lungworm- 
pneumonia  infection  is  implicated  in  the  two 
early  crashes  (Lauer  and  Peek  1976).   The  impetus 
for  the  current  population  increase  is  not  clear. 
Cattle  were  removed  from  critical  winter  range, 
and  trespass  livestock  were  blocked  from  access 
by  fencing  in  1975,  but  the  degree  to  which 
domestic  livestock  competed  for  forage  with 
bighorn  sheep  appeared  low,  especially  on  the 
higher,  more  rugged  areas  preferred  by  bighorn 
sheep.   Human  exploitation  was  consistently  low 
over  the  period  and  again  would  not  have  been  a 
likely  factor  influencing  sheep  population.   The 
burning  project  conducted  by  BLM  may  have  been 
substantial  enough  to  affect  bighorn  sheep 
populations,  along  with  the  series  of  milder 
winters  experienced  in  the  region  since  1976.   At 
least  the  burning  program  must  be  considered  to 
either  have  had  no  effect  or  a  positive  effect  on 
this  population — certainly  not  a  negative  effect. 
The  ultimate  test  will  be  if  no  major  die-off 
occurs  again  or,  if  one  does,  the  population 
crashes  to  a  low  which  is  higher  than  the  previous 
two  lows . 


MIDDLE  FORK  SALMON  RIVER,  IDAHO 

Description  of  Area 

The  Middle  Fork  Salmon  River  bighorn  sheep 
populations  occupy  extremely  rugged  and  steep 
winter  ranges  dominated  by  bunchgrass  and  shrub 
communities.   Sparse  stands  of  P.    ponderosa  and  P. 
menziesii   occur  in  some  areas.  A.    spicaturn  and  F. 
idahoensis   are  common  grasses,  and  Balsamorhiza 
hookeri   is  a  common  forb.   Stands  of  Ceroocarpus 
Zedifolius   occur  on  the  more  exposed  and  rocky 
sites.   The  winter  ranges  extend  from  3,280  to 
4,920  ft  (1  000  to  1  500  m)  elevation,  whereas 
summer  ranges  extend  to  9,840  ft  (3  000  m)  (Smith 
1954).   Average  precipitation  is  about  12  in  (30 
cm)  annually,  with  temperatures  over  86°  F  (30°  C) 
in  July  and  August,  and  less  than  -2°  F  (-30°  C) 
in  winter  having  been  recorded. 

The  Ship  Island  Fire  of  August  1979  burned  11,000 
acres  (1  635  ha)  from  the  riverbank  to  the  heads 
of  drainages,  encompassing  the  entire  range 
occupied  by  one  band  of  bighorn  sheep.   The  area 
represents  typical  bighorn  sheep  habitat  for  the 
drainage.   The  fire  was  extremely  hot. 


Vegetation  Response 

Grasses,  including  A.    spicaturn,    Calamagrostis 
mibescens,   and  Poa  spp. ,   were  depressed  In 
production,  clump  diameter,  and  canopy  coverage 
the  year  following  the  burn.  Poa  spp.    and  Bromus 
teotomm   increased  in  production  the  second 
growing  season  after  the  fire. 

C.    Zedifolius   was  completely  burned,  with  no 
resprouting  or  seedling  establishment  evident  for 
three  growing  seasons  following  the  fire.  Salix 
soouleriana  and  Ccanothus  velutinus   seedlings  were 
abundant  at  higher  elevations  in  P.  menziesii 
habitat  types  the  second  growing  season  after  the 
fire.  Glossopetalon  nevadense   was  determined  to 
be  a  resprouter  and  was  browsed  at  approximately 
twice  the  level  on  burned  sites  as  on  unburned 
sites. 

The  major  effects  of  this  fire  were  a  dramatic 
reduction  in  forage  the  winter  following  the  fire 
and  elimination  of  C.    Zedifolius,    an  important 
forage  species  for  these  bighorn  sheep  (Smith 
1954). 


Bighorn  Sheep  Population  Response 

The  bighorn  sheep  population  on  the  Ship  Island 
Burn  and  immediately  adjacent  drainages  was 
estimated  at  approximately  90  animals  before  the 
fire  (Hickey  1983).   Variation  in  the  number 
following  the  fire  was  attributable  to  weather 
conditions  during  the  count  and  differences  in 
winter  severity,  rather  than  actual  changes  in 
population  size.   Population  parameters  of  bighorn 
sheep  occupying  the  Ship  Island  Burn  are  similar 
to  those  of  bighorn  sheep  immediately  across  the 
river  and  unaffected  bv  the  burn. 
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ighorn  sheep  did  prefer  to  graze  on  areas  which 
ad  been  burned  after  vegetation  had  regrown; 
owever,  no  major  shifts  in  distribution  were 
pparent ,  and  thus  the  only  discernible  response 
y  bighorn  sheep  was  local  shifts  in  habitat  use, 
nitially  a  shift  away  from  burned  areas,  and  then 
shift  onto  the  new  vegetation. 


LACIER  NATIONAL  PARK,  MONTANA 

escription  of  Area 

he  bighorn  sheep  winter  range  of  420  acres  (170 
a)  in  the  Swiftcurrent  Valley,  the  major  winter 
ange  for  bighorn  sheep  in  Glacier  National  Park, 
as  almost  completely  burned  in  1936  (Riggs  1977). 
his  area  is  a  mixture  of  climax  bunchgrass 
ommunities  dominated  by  A.    spicatim,    F. 
dahoensiSj   F.    seabrella,    and  Amelanchier 
Inifolia,    and  serai  vegetation  of  subalpine  fir 
abitat  types  (Pflster  and  others  1977).   The 
eral  communities  important  to  bighorn  occurred  on 
icrosites  of  concave  relief  which  would  retain 
indblown  snow  in  winter;  these  comprised  26 
ercent  of  the  winter  range.  Carex  geyevi, 
viraea  betulifolia,   and  Calamagrostis  rubescens 
ere  common  species  in  these  serai  stands, 
accession  toward  conifers  after  the  1936  fire  was 
ery  slow  on  this  area  because  of  the  severe 
llmate  of  high  winds  and  rapid  freezing-thawing 
onditions  in  winter.   Very  little  conifer 
egeneratlon  was  apparent  AO  years  after  the  fire, 
llustrating  the  severity  of  the  climate  on  these 
ites.   This  area  would  be  considered  a  high 
Duntain  winter  range  with  vegetation 
epresentatlve  of  the  eastern  Rocky  Mountain 
lopes  at  4,600  to  6,900  ft.  (1  400  to  2  100  m) 
levation  in  this  region. 


horse  grazing  on  the  winter  range,  and  periodic 
die-offs  due  to  pneumonia  among  the  bighorn  sheep. 
Following  the  1936  fire,  the  population  suffered 
substantial  mortality  due  to  lungworm 
{Protostrongylus   stilesi) -pneumonia   interactive 
infection  and  disease.   The  winter  feeding 
program,  which  concentrated  the  bighorn  sheep  and 
may  have  aggravated  the  die-off,  was  discontinued 
after  that  winter,  and  the  population  increased 
from  30  in  1939,  to  40  in  1951,  82  in  1967,  and 
115  in  1975.   Whereas  the  earlier  estimates 
occurred  in  winter,  the  1975  estimate  was  taken  in 
May  and  may  reflect  better  observing  conditions 
and/or  a  spring  Influx  of  bighorn  sheep  onto  this 
winter  range  coincident  with  spring  green-up. 

Responses  of  bighorn  sheep  populations  to  this 
burn  were  obscured  by  the  artificial  feeding, 
grazing,  and  disease-parasite  interactions; 
however,  population  estimates  before  the  burn 
ranged  from  40  to  134  and,  after  the  burn,  30  to 
115.   On  this  basis,  the  conclusion  is  that  no 
appreciable  response  to  vegetation  change 
attributable  to  this  fire  occurred. 

It  is  noteworthy  that  no  die-offs  due  to  the 
lungworm-pneumonia  complex  have  been  observed  in 
this  area  since  the  winter  following  the  burn. 
This  does  not  mean  that  die-offs  have  not  occurred 
or  will  not  in  the  future  or  that  the  additional 
range  provided  by  the  fire  Is  related.   It  does 
however,  bring  up  the  possibility  that  the 
population,  which  appears  to  have  been  at  the  same 
level  before  and  after  the  fire,  may  not  be  as 
concentrated  on  habitats  now  as  before.   If  so, 
this  postulated  broader  dispersal  pattern  of  sheep 
across  this  winter  range  may  be  related  to  the 
absence  of  a  die-off  since  the  fire  and  thus  is  a 
relationship  worthy  of  further  investigation. 


egetation  Response  and  Habitat  Use  Patterns 

Umax  bunchgrass  communities  occupied  74  percent 
f  the  winter  range  that  Riggs  (197  7)  described, 
is  investigations  of  composition  and 
laracterlstics  of  these  communities  revealed 
ittle,  if  any,  effect  attributable  to  the  burning 
3  years  afterward.   Nevertheless  the  serai 
ommunities  previously  described  did  persist  over 
lat  period  of  time  and  likely  will  continue  to  be 
2cognizable  in  the  near  future.   These  serai 
ommunities  were  preferred  foraging  areas  for 
ighorn  sheep  when  they  were  snow  free  in  winter, 
ince  succession  to  conifer  vegetation  would 
ikely  reduce  the  forage  on  these  sites,  and 
ighorn  sheep  generally  favor  nonconlf erous 
agetation,  the  tentative  conclusion  Is  that  the 
ire  added  winter  range  to  this  area  for  bighorn 
leep. 


ppulation  Response 

•Lghorn  sheep  population  response  to  the  1936  fire 
is  not  well  documented,  but  available  records 
ire  summarized  by  Riggs  (1977).   Population 
stlmates  in  the  1925-83  period  ranged  from  40  to 
54,  with  a  history  of  artificial  winter  feeding. 


DISCUSSION 

The  areas  considered  here  encompass  the  broad 
range  of  habitats  occupied  by  bighorn  sheep  in 
this  region.   Some  were  forested  sites  that  were 
changed  to  shrub/grass  ranges  by  wildfires  in  the 
early  part  of  the  century.   Other  sites  were 
native  grasslands  or  shrub-steppe  that  may  have 
burned  periodically.   Plant  succession  following 
burning  varied  extensively,  from  rapid  restoration 
of  preburn  conditions  to  extremely  slow  changes 
where  conifer  cover  was  removed.   A  variety  of 
responses  in  vegetation  and  bighorn  sheep  were 
evident.   The  British  Columbia  experience 
illustrated  that  once  the  initial  bighorn  sheep 
range  is  created,  additional  burning  may  not 
benefit  bighorn  sheep  if  subsequent  livestock 
grazing  is  Intensive  enough  to  affect  forage 
species  used  by  bighorn  sheep.   The  lungworm- 
pneumonia  complex,  if  prevalent,  may  limit 
capabilities  of  bighorn  sheep  to  respond  to 
increases  in  forage  quantity  and/or  quality 
resulting  from  burning.   In  areas  of  high  fire 
frequency  where  plant  responses  are  short-lived, 
the  bighorn  sheep  response  may  also  be  short-lived 
or  nonexistent. 
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Positive  results  from  burning  these  areas  range 
from  changes  in  bighorn  sheep  distribution  (which 
may  have  reduced  the  effects  of  lungworm 
infection),  to  stabilization  of  populations,  to 
increases.   In  all  cases,  however,  definite  proof 
that  burning  was  responsible  is  lacking  because  we 
are  unable  to  isolate  the  effect  of  the  fire  from 
other  potential  limiting  factors.   The  increase  of 
bighorn  sheep  in  the  East  Fork  Salmon  River  area 
may  be  the  exception,  since  the  only  factor  that 
appeared  to  have  changed  over  the  period  that  was 
considered  to  be  affecting  the  sheep  population 
was  the  prescribed  burning  program. 

At  least  four  important  factors  can  be  considered 
to  potentially  limit  these  populations,  including 
lungworm;  poor  range  conditions  due  to  past 
livestock  use;  low  range  productivity  (due  to 
drought,  lack  of  grazing,  or  poor  soils);  and 
competition  with  other  big  game.   All  of  these  may 
be  predisposed  by  severe  weather.   Additionally, 
predation  is  a  possible  limiting  mechanism. 

These  case  histories  illustrate  that  prescribed 
fire  will  not  necessarily  increase  bighorn  sheep 
populations  and  may  have  a  negative  effect.   The 
benefits  of  increasing  forage  production  may  be 
outweighed  by  other  limiting  factors. 
Nevertheless,  there  is  evidence  that  use  of 
prescribed  fire  reduces  incidence  of  lungworm 
infections,  and  this  should  be  evaluated  further 
in  populations  with  a  history  of  chronic  lungworm 
problems.   There  is  also  evidence  that  prescribed 
fire,  used  in  conjunction  with  controlled  grazing 
plans,  may  benefit  bighorn  sheep.   In  areas  of 
high  fire  frequency  where  fire  management  policies 
will  allow  fires  to  burn,  the  effect  on  bighorn 
sheep  should  be  minimal. 

Prescribed  fire  is  a  useful  tool  in  managing 
bighorn  sheep  habitat  if  a  proper  plan  which 
identifies  objectives  and  considers  the  limiting 
factors  is  developed,  and  the  burning  follows  the 
prescription. 

Fire  can  negatively  affect  bighorn  sheep  habitat 
when  range  condition  is  poor  and  forage  species 
cannot  respond,  when  nonresprouting  species  which 
provide  important  forage  for  bighorn  sheep  are 
eliminated,  or  when  too  much  area  is  burned  and 
inadequate  forage  remains  until  the  next  growing 
season.   Another  potential  negative  response  is 
observed  when  other  species,  especially  elk,  are 
attracted  to  prescribed  fires  intended  to  benefit 
bighorn  sheep.   When  fires  produce  these  negative 
results,  bighorn  sheep  then  become  more  vulnerable 
to  the  other  limiting  factors.   Therefore,  a 
well-thought-out  plan  must  be  developed  before 
fire  is  considered  for  use  on  bighorn  sheep  range. 
Plans  must  consider  the  following: 

1.    Condition  of  plants.   Plants  to  be 
favored  should  be  in  robust  condition  to  respond 
most  satisfactorily  to  burning.   This  also  means 
that  timing  of  the  burn  and  intensity  of  the  burn 
must  be  considered. 


productivity  from  unburned  residual  growth?   Areas 
where  nonresprouting  species  occur  and  which  serve 
as  forage  at  critical  times  should  be  given 
special  attention.   If  objectives  are  to 
rejuvenate  deteriorated  stands,  fire  may  still  be 
considered  a  part  of  the  treatment.   If 
nonresprouting  stands  are  productive,  then  efforts 
to  restrict  fire  from  these  areas  may  be  needed. 

3.  Adjacent  conifers.   The  possibility  of 
creating  more  open  range  that  is  favored  by 
bighorn  sheep  exists  if  conifer  stands,  or  tall 
shrub  fields,  occur  next  to  currently  used  range. 
Bighorn  sheep  may  colonize  adjacent  habitats  as 
rapidly  as  commonly  associated  big  game  species 
like  elk  or  mule  deer. 

4.  Limiting  factors.   Factors  that  may 
limit  bighorn  sheep  populations  should  be 
identified,  and  the  effect  of  burning  habitats  on 
these  limiting  factors  should  be  evaluated.   Care 
should  be  taken  since  limiting  factors  are 
interactive. 

a.  Lungworm.   Lungworm  infections  can 
possibly  be  altered  by  reducing  bighorn  sheep 
concentrations;  however,  if  burns  are  small  and 
concentrate  bighorn  sheep,  results  could  be 
negative.   If  burns  disperse  populations,  the 
effects  could  be  positive. 

b.  Competitive.  Burns  may  attract  elk 
or  deer  to  the  ranges  used  by  bighorn  sheep,  which 
may  result  in  competition  for  forage. 

5.  Bighorn  sheep  response.   Changes  in 
distribution  patterns  may  be  a  sufficient  goal  if 
the  objective  is  to  reduce  lungworm  infection.   If 
population  maintenance  or  increase  is  the  goal, 
then  larger  burns  will  be  needed.   Provision  for 
adequate  forage  remaining  after  the  fire  needs  to 
be  considered. 
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RANGE  BURNING,  STONE'S  SHEEP,  AND 

THE  LEAKY  BUCKET  . 
Dale  R.  Selp  and  Fred  L.  Bunnell 


I 


ABSTRACT:   Stone's  sheep  (Ovis  dalli  stonei)    in 
northern  British  Columbia  used  subalpine,  burned 
ranges  at  certain  times  of  the  year.   In  the 
spring,  burned  ranges  did  not  appear  to  provide 
more  nutritious  forage  or  a  greater  intake  rate 
for  sheep  than  did  unburned  ranges  despite  much 
greater  herbage  production  on  burned  slopes.   The 
abundant  forage  on  burned  ranges  did  provide 
superior  winter  range  when  available;  however, 
most  burns  were  unavailable  to  sheep  in  a  severe 
winter  due  to  deep  snow  accumulation.   Therefore, 
although  burned  ranges  produced  much  more  forage 
than  unburned  ranges,  this  forage  generally  was 
not  available  at  the  time  of  the  year  when  forage 
was  limiting. 


INTRODUCTION 

Stone's  sheep  (Ovis  dalli   stonei)    and  elk  (Cervus 
canadensis)    in  northern  British  Columbia  often  use 
subalpine  grassland  slopes  that  occur  in  areas 
where  the  spruce  forest  has  been  burned  by  natural 
or  human-caused  fires.   This  observation  has  led 
to  a  widespread  burning  program  directed  toward 
improving  wildlife  habitat  by  creating  more 
subalpine  grasslands.   The  value  of  such  a 
program;  however,  is  based  on  an  assumed 
relationship  between  habitat  use  and  need.   The 
same  assumption  is  the  basis  of  a  wide  range  of 
other  wildlife-habitat  management  programs.   In 
this  paper  we  examine  the  validity  of  the 
assumption  using  examples  from  our  research  on 
range  burning  and  Stone's  sheep. 

The  law  of  limiting  factors  states  that  If  an 
organism  is  dependent  on  several  environmental 
factors,  the  one  closest  to  the  minimal 
requirement  for  survival  will  be  the  limiting 
factor  (Blackman  1905).   The  analogy  of  a  leaky 
bucket  with  a  series  of  holes  in  the  sides 
demonstrates  this  concept.   In  this  case,  the 
lowest  hole  will  determine  the  water  level  and 
plugging  the  uppermost  holes  will  have  no  effect 
until  the  lowest  hole  is  plugged.   Similarly, 
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increasing  some  necessary  environmental  factor  foi 
an  organism  will  not  be  effective  if  some  other 
factor  is  limiting.   Although  this  principle  does 
not  always  strictly  apply  because  some  factors  mar 
have  synergistic  effects  with  the  limiting  factor 
the  general  principle  remains  valid.   Thus  an 
increase  in  a  particular  habitat  type  will  not 
benefit  a  wildlife  population  if  that  habitat  is 
not  limiting,  even  if  the  animals  extensively  use 
the  habitat.   Our  objective  was  to  determine  if 
range  burning  eliminated  or  alleviated  a  limiting 
factor  and  thereby  benefited  Stone's  sheep 
populations. 


STUDY  AREA  AND  METHODS 

The  study  was  conducted  in  the  northern  Rocky 
Mountains  In  the  vicinity  of  Toad  River,  B.C. 
(59°N,  125°W).   We  studied  about  100  Stone's  sheer 
living  in  an  area  about  350  mi^  (900  km^)  of  whici 
about  75  mi^  had  been  burned  regularly  at  an 
average  interval  of  about  9  years  for  the  past  80 
years  (fire  history  analysis  by  J.  Parminter). 
These  animals  were  compared  to  a  population  of  12 
to  150  sheep  in  another  area  about  300  mi^  (780 
km^)  that  had  not  experienced  fires  for  at  least 
125  years  except  for  one  small  2-mi^  (5  km^)  burn 
that  occurred  3  years  before  the  study.   During 
the  study,  about  20  to  30  percent  of  the  burned 
slopes  were  reburned  each  spring  by  local 
residents  attempting  to  increase  forage 
production. 

Herbage  quantity  was  measured  by  clipping  all  the 
plant  material  in  2.7  ft^  (0.25  ra^)  plots  and 
sorting  the  material  into  live  graminoids,  live 
forbs,  and  dead  vegetation.   This  material  was  ai 
dried,  weighed,  and  the  value  multiplied  by  a 
correction  factor  of  0.92  to  convert  it  to 
oven-dry  weight  (Seip  1983).   Tiller  length  of 
grasses  was  measured  from  the  ground  to  the  tip  o 
the  longest  leaf  of  randomly  selected  tillers. 
Forage  samples  were  analysed  for  crude  protein  an 
acid  detergent  fiber  (ADF) .   Fecal  samples  were 
collected  and  analysed  for  crude  protein  and 
lungworm  larvae  {Protostrongulus  spp. ) .   Lungwonr 
counts  were  conducted  by  Dr.  W.  Samuel,  Departmen 
of  Zoology,  University  of  Alberta.   The  other 
laboratory  analyses  were  done  by  the  Wildlife 
Habitat  Laboratory,  Washington  State  University, 
Pullman,  Wash. 

Foraging  time  was  determined  during  dawn  to  dusk 
observations  during  which  the  behavior  of  each 
sheep  was  recorded  at  5-minute  intervals.   Biting 
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rate  was  determined  by  counting  the  number  of 
bites  taken  by  adult  ewes  during  repeated  1-  to 
2-minute  foraging  periods.   The  study  area  and 
nethods  are  described  in  detail  in  Seip  (1983). 


RESULTS  AND  DISCUSSION 

Stone's  sheep  on  the  burned  range  extensively  used 
fire-induced  subalpine  grasslands  in  the  spring 
and  to  a  lesser  degree  in  the  fall.   These 
grasslands  were  dominated  by  ryegrass  (Elymus 
innovatus)    and  mixed  forbs.   In  winter,  some  sheep 
jsed  burned  slopes,  but  most  sheep  used  windswept 
ilpine  ridges  because  deep  snow  prevented  the  use 
3f  most  burned,  subalpine  slopes.   Do  Stone's 
sheep  benefit  from  being  able  to  use  subalpine 
grasslands  created  by  range  burning?   That  is,  are 
5urned  ranges  a  limiting  resource? 


5pring  Range 

)heep  without  access  to  burns  in  spring  used 
latural  subalpine  clearings  such  as  rocks] ides  and 
ivalanche  chutes  instead.   These  natural  clearings 
;ere  dominated  by  bearberry  (Arctostaphylos 
iVa-ursi)    cover  and  supported  only  sparse  grass 
)roduction.   Gramlnoid  production  on  burned  ranges 
7as  about  six  times  greater  than  production  on 
latural,  subalpine  clearings  in  May  (table  1). 
Itone's  sheep  fed  primarily  on  grasses  during  the 
ipring  (Seip  1983);  however,  one  cannot  simply 
iionclude  that  because  sheep  eat  grass  the  range 
:'ith  greater  grass  production  was  superior. 

'he  quantity  of  forage  can  be  limiting  if:  1)  the 
otal  production  is  inadequate  to  meet  the  needs 
iif  the  population  or,  2)  the  forage  distribution 


is  too  sparse  to  allow  the  animals  to  obtain  an 
adequate  intake  rate  of  high-quality  forage. 

Spring  ranges  showed  no  evidence  of  heavy  graj^ing 
pressure.   The  grass  production  on  both  burned  and 
unburned  ranges  greatly  exceeded  the  requirements 
of  the  sheep  using  these  ranges.   Alternatively, 
the  sparse  forage  on  unburned  spring  ranges 
potentially  could  have  been  inadequate  to  provide 
an  adequate  intake  rate.   Intake  rate  of  sheep  is 
primarily  determined  by  the  bite  size  that  they 
can  obtain  and  is  independent  of  grass  tiller 
density  (Allden  and  VJhittaker  1970).   Bite  size  is 
primarily  determined  by  the  grass  tiller  length. 
The  grass  tiller  length  on  unburned  spring  ranges 
was  the  same  as  on  burned  ranges  (table  1).   The 
lower  grass  biomass  on  unburned  ranges  was  the 
result  of  a  much  lower  tiller  density;  therefore 
sheep  probably  were  able  to  obtain  the  same  bite 
size  on  both  ranges.   The  biting  rate  was  also  the 
same  on  both  range  types  (table  1)  despite  the 
difference  in  tiller  density.   Thus,  it  appeared 
that  the  same  Intake  rate  could  be  attained  on 
both  range  types.   This  conclusion  was  supported 
by  the  observation  that  the  daily  foraging  time  of 
the  sheep  was  the  same  on  both  range  types  (table 
1).   If  the  sheep  on  unburned  range  had  a  lower 
intake  rate,  they  would  be  expected  to  compensate 
by  increasing  their  foraging  time  (Allden  and 
Whittaker  1970;  Arnold  1975). 

Forage  quality  (crude  protein,  ADF)  did  not  differ 
between  burned  ranges  and  natural  subalpine 
clearings  (table  1).   The  quality  of  food  eaten  by 
the  sheep,  as  indicated  by  fecal  protein  levels, 
was  also  similar  between  range  types  in  May  (table 
1),  although  it  began  to  increase  about  7  days 
earlier  on  burned  range  (Seip  1983).   Food  habits 
of  the  sheep  were  almost  identical  on  the 


Table  1. — Comparison  of  range  characteristics  and  foraging  behavior  of  Stone's  sheep  on  burned 
and  unburned  ranges  in  northern  British  Columbia  during  mid-May 


Item 


Burned  subalpine  grassland 


Natural  subalpine  clearings 


Graminoid  biomas 

Tiller  length 

Tiller  density 

Graminoid  quality 
Crude  protein  (%) 
ADF  (%) 

Percent  fecal  protein  (X±SE) 

Percentage  of  daylight  spent 
foraging 
Ewes 
Rams 

Bites/minute  (X+SE) 


107  lb/acre  (120  kg/ha) 
3.9  in  (10.0  cm) 
150  tillers/yd2 


18.4 
28.6 


13.710.36 


61-64 
49-58 

34.2+1.5 


17.8  lb/acre  (20  kg/ha) 
4.0  in  (10.2  cm) 
25  tillers/yd2 


18.5 
26.1 


13.4+0.76 


63 
57 

34.8+2.6 
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different  spring  range  types  (Seip  1983).   Horn 
growth  of  yearling  rams  was  significantly  greater 
on  burned  ranges  (Elliot  1978;  Seip  1983),  but  it 
was  not  clear  if  this  was  a  function  of  superior 
spring  range.   Overall,  it  appeared  that  burned 
ranges  were  not  superior  to  unburned  ranges  in 
spring  because  the  forage  available  on  unburned 
ranges  was  just  as  nutritious  and  forage  quantity 
was  not  limiting  the  intake  rate.   Providing  more 
spring  forage  by  range  burning  would  be  like 
plugging  up  holes  too  high  in  the  leaky  bucket. 


Summer  Range 

In  the  summer.  Stone's  sheep  used  high  alpine 
ranges  where  forage  quality  was  superior  to  that 
available  on  subalpine  ranges  (Seip  1983)  and  so 
the  availability  of  subalpine,  burned  ranges  was 
of  no  consequence  at  this  time  of  the  year. 


Winter  Range 

When  winter  arrived,  most  sheep  used  windswept 
alpine  ridges,  but  some  sheep  used  fire-induced, 
subalpine  grasslands.   It  was  necessary  to 
determine  whether  winter  ranges  were  a  limiting 
factor.   Under  conditions  of  high  snowfall. 
Stone's  sheep  became  restricted  to  small  areas  of 
the  total  range.   Sheep  did  not  use  areas  where 
the  snow  depth  exceeded  12  inches  (30  cm). 
Grazing  pressure  in  these  areas  was  heavy,  and 
essentially  all  of  the  available  forage  was 
consumed  on  both  alpine  and  burned,  subalpine 
winter  ranges.   Less  than  0.03  oz/yd^  (1  g/m^) 
remained  in  those  areas  of  low  snowfall  that  were 
heavily  used  in  a  severe  winter.   Burned, 
subalpine  winter  range  produced  much  more  forage 
than  did  the  alpine  range;  this  meant  more  food 
per  sheep  was  available  on  the  burned,  subalpine 
winter  range  (table  2) .   The  greater  forage 
production  on  subalpine  range  was  reflected  by 
higher  lamb  production  following  the  severe  winter 
and  lower  lungworm  larvae  {Protostrongulus   spp. ) 
counts  than  for  sheep  wintering  in  the  alpine 
(table  2).   Therefore,  winter  forage  appeared  to 
be  a  limiting  factor. 


Even  in  areas  with  extensive  burned  slopes  and     I 
abundant  herbage  production,  however,  most  of  the  ' 
range  was  unavailable  when  the  slopes  became 
covered  in  deep  snow.   Thus  it  was  not  burned 
slopes  that  were  limiting  but  windswept  slopes 
that  provided  "available"  winter  forage.   Creating 
more  burned  range,  which  is  not  available  in 
severe  winters,  would  be  of  no  use.   At  present 
there  are  extensive  areas  of  burned  grassland  that 
produced  large  amounts  of  forage,  but  usually 
these  areas  were  unavailable  in  winter  and  most  of 
the  sheep  were  forced  to  retreat  to  windswept      i 
alpine  peaks.   Burning  programs  to  enhance  Stone's" 
sheep  range  should  be  directed  toward  burning 
areas  that  will  be  windswept  and  remain  snow-free 
in  severe  winters.   Unfortunately,  such  areas 
appear  to  be  rare.   In  the  extensive  subalpine 
areas  that  had  previously  been  burned,  few  areas 
were  used  by  Stone's  sheep  in  winter.   It  may  not 
be  possible  to  increase  the  area  of  Stone's  sheep 
winter  ranges  much  beyond  that  already  provided  by 
windswept  alpine  areas. 

A  similar  situation  may  be  occurring  with  elk  in 
the  area.   Elk  used  burned,  subalpine  slopes  for 
most  of  the  year,  and  the  population  has  increased i 
in  response  to  the  burning  program.   For  most  of 
the  year,  forage  was  superabundant  on  the  ranges 
used  by  elk;  however,  in  the  severe  winter  during 
the  study  most  of  the  range  was  also  unavailable 
to  elk  due  to  deep  snow.   In  this  situation  it  is  m. 
unlikely  that  more  burning  in  the  area  would       i 
benefit  elk  despite  the  fact  that  burning         ; 
Initially  created  habitat  for  elk.   In  fact,  too 
much  burning  could  be  detrimental  because  elk  may 
need  forested  areas  for  cover  or  to  provide  browse 
in  winter.   Other  studies  have  found  that  elk  feed 
heavily  on  browse  when  grasses  become  unavailable 
due  to  snow  (Janz  1983;  Singer  1979). 


CONCLUSIONS 

The  observation  that  animals  use  a  particular 
habitat  type  does  not  necessarily  mean  that  the 
animals  need  that  habitat.   The  population  will 
not  necessarily  Increase  if  availability  of  that 
habitat  is  increased  or  decline  if  the  habitat  is 


Table  2. — Herbage  production,  lamb  production,  and  lungworm  counts  on  two  different  winter 
ranges  during  a  severe  winter 


Item 


Burned  subalpine 


Alpine 


Herbage  production  984  lb/acre  (1,100  kg/ha) 

Forage  availability  (kg/sheep)  206 


Lambs/ 100  ewes  produced  the 
following  spring 

Lungworm  larvae/g  feces^ 


35 
38 


<90  lb/acre  (100  kg/ha) 
<100 

26 

417 


^  Protostrongylus  spp. 
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;duced.   Rather,  one  must  determine  if  the 
ibitat  type  is  a  limiting  factor.   There  are  two 
■iteria,  either  of  which  would  justify  the 
)nclusion  that  a  range  is  limiting: 

1.  The  resources  provided  by  that  habitat 
re  reduced  in  a  density-dependent  fashion  by 
iDipetition  between  the  animals,  resulting  in 
;gative  feedback  on  the  population. 

Lternatlvely ,  even  if  the  resources  in  a  certain 
ibitat  type  are  not  reduced  by  competition, 
limals  that  have  access  to  that  habitat  type  may 
>  better  off  than  animals  that  do  not  have  access 
)  that  habitat  type.   In  this  situation,  one  must 
imonstrate  that: 

2.  Animals  with  access  to  the  different 
ibitat  type  are  in  better  condition  and/or  have  a 

gher  population  growth  rate  than  animals  without 
iicess  to  that  habitat. 

I  this  case,  once  the  animals  do  have  access  to 
le  superior  habitat  type,  providing  more  of  that 
ibitat  type  will  not  be  beneficial  until  the 
isources  become  limited  by  density-dependent 
)mpetition. 

1  the  case  of  Stone's  sheep,  winter  forage  was 
"ogressively  reduced  by  density-dependent 
)mpetition  resulting  in  reduced  productivity  and 
lorer  physical  condition,  thus  satisfying  the 
.rst  criterion.   Providing  more  available  winter 
mge  should  benefit  Stone's  sheep.   That  task  is 
:'ide  difficult,  however,  by  the  fact  that 
i'ailable  winter  range  is  largely  a  function  of 
now  accumulation,  which  is  difficult  to 
jinipulate. 

fi  spring,  there  was  no  evidence  that  the  forage 

III  either  burned  or  unburned  ranges  was 
gnificantly  reduced  by  grazing;  thus  the  first 
mlting  factor  criterion  was  not  satisfied, 
ternatively,  if  burned  ranges  provided  superior 
itrition  compared  to  unburned  ranges,  sheep 
ipulations  could  potentially  benefit  from  access 
I  burned  ranges,  thus  satisfying  the  second 

literion.   Burned  ranges,  however,  did  not  appear 
1  provide  superior  nutrition  because  intake  rate 
id  forage  quality  were  similar  on  both  range 
■pes.   Even  if  burned  ranges  were  superior  to 
(burned  ranges  in  spring,  even  small  burns  would 
:  adequate  to  meet  the  requirements  of  the 
imals  because  of  the  high  forage  production  on 
irned  slopes.   Widespread  burning  would  be 
perfluous  once  the  animals  had  access  to  burns. 

'ire  burning  would  be  justified  only  when  the 
'.sources  became  limited  by  density-dependent 
impetltion. 

erall,  the  value  of  range  burning  to  enhance 
one's  sheep  range  was  limited  because  it  did  not 
pear  to  provide  superior  spring  range  and, 
though  winter  range  was  limited,  most  burned, 
balpine  ranges  were  not  available  in  severe 
nters  due  to  snow. 


A  final  consideration  is  that  habitat  which 
currently  does  not  meet  the  criteria  for  being  a 
limiting  resource  may  become  limiting  in  the 
future  under  different  environmental  conditions  or 
under  conditions  in  which  some  other  limiting 
factor  is  plugged  up  and  the  population  level 
increases  to  a  new  hole  in  the  bucket. 
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FIRE  ECOLOGY  OF  ANTELOPE  BITTERBRUSH  IN  THE  NORTHERN  ROCKY  MOUNTAINS 
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INTRODUCTION 


y  of  resprouting  and  number  of 
eedlings  of  antelope  bitterbrush 
es  burned  by  prescribed  burns 
10  years  previously  to  determine 
at  type,  growth  form,  and 
on  bitterbrush.   Significant 
routing  response  occurred  among 
eason  of  burning,  and  habitat 
ablishment  was  also  markedly 
h  form,  season  of  burning,  and 
Its  of  this  study  document  the 
of  fire  on  bitterbrush  popula- 
rn  Rocky  Mountains. 


Antelope  bitterbrush  {Purshia   tridentata)    is  widely 
distributed  on  vast  areas  of  western  North  America. 
It  is  a  major  component  in  the  diet  of  big  game 
animals  in  many  areas  (Guinta  and  others  1973; 
Kufeld  and  others  1978)  and  may  be  used  seasonally 
by  domestic  livestock  (Cook  1954;  Julander  1955). 
Because  bitterbrush  is  important  as  a  forage 
species,  it  is  a  major  consideration  when  planning 
management  practices  on  range  vegetation. 


Reviews  of  bitterbrush  literature 
by  Basile  (1967)  and  Clark  and  Br 
Literature  regarding  the  effects 
been  summarized  in  recent  publica 
Driver  1983;  Rice  1983);  however, 
response  of  bitterbrush  to  fire  v 
considerably.   Hormay  (1943)  and 
stated  that  bitterbrush  sprouted 
nearly  eradicated  by  fire  in  Cali 
Great  Basin.   Others  have  reporte 
potential  for  the  species  (Nord  1 
1970;  Sherman  and  Chilcote  1972). 
Idaho,  the  resprouting  ability  ha 
moderate  (Blaisdell  1953)  to  high 
others  1965). 
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Billings  (1952) 
rarely  and  was 
fornia  and  the 
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In  eastern 
s  varied  from 

(Pechanec  and 


The  variation  in  resprouting  is  due  to  a  number  of 
factors.   The  growth  form  of  bitterbrush  ranges 
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from  low  decumbent  individuals  to  upright  columnai 
forms  (Nord  1965)  and  has  been  reported  to  be 
related  to  resprouting  potential.   Decumbent  form; 
have  been  reported  to  resprout  more  readily  than 
the  columnar  forms  (Wright  and  others  1978;  Clark 
and  others  1982).   The  season  of  the  fire  may  alsc 
affect  the  ability  of  plants  to  resprout.   Most 
research  indicates  that  sprouting  is  greatest  on 
spring  fires  and  least  on  summer  burns.   Sproutinj 
response  of  bitterbrush  burned  in  the  fall  is 
intermediate  (Blaisdell  and  Mueggler  1956;  Clark  . 
and  others  1982;  Murray  1983).   The  effect  of 
season  of  burning  may  be  confounded  with  several 
other  factors.   Soil  moisture  is  often  highest  in 
the  spring  and  lowest  in  the  summer.   Clark  and 
others  (1982),  however,  could  not  show  a  signifi- 
cant effect  of  soil  moisture  by  artificially 
watering  bitterbrush  plants  before  burning.   The 
carbohydrate  recharge  pattern  may  also  be  a  facto 
Carbohydrate  levels  are  lowest  in  midsummer  after 
seed  set  and  do  not  recover  until  late  summer 
(Menke  and  Trlica  1981).   Late  summer  corresponds 
to  the  time  when  bitterbrush  is  most  susceptible 
fire. 

Fire  severity  varies  seasonally  and  may  affect 
resprouting  ability.   In  most  regions,  low-severi 
fires  often  occur  during  late  winter  and  spring. 
Highest  severity  fires  would  likely  occur  during 
the  summer  period.   Studies  have  shown  an  inverse 
relationship  between  resprouting  and  fire  severit 
(Blaisdell  1950,  1953;  Blaisdell  and  Mueggler  195 
Murray  1983).   Driscoll  (1963),  however,  found 
little  correlation  with  fire  severity  and  indicat 
that  the  soil  surface  texture  was  a  more  importan 
factor  in  central  Oregon. 

Murray  (1983)  concluded  that  bitterbrush  annual  i 
production  on  burned  sagebrush  gr^ss  ranges  in  | 
eastern  Idaho  was  less  than  on  unburned  areas  aft 
30  years;  however,  bitterbrush  studies  in  foreste 
communities  have  found  increased  production  after 
fire  even  though  plant  density  may  decrease 
(Edgerton  and  others  1975;  Stuth  and  Winward  1976 


Seedlings  are  the  primary  mech 
development  of  a  new  stand  of 
fire  (Daubenmire  and  Daubenmir 
and  seedling  establishment  has 
following  fire  as  resprouting. 
reported  that  seedling  establi 
inversely  with  fire  intensity 
and  Chilcote  (1972)  stated  tha 
important  sources  of  seed  repr 
rodents  preferred  to  cache  see 
duff  and  litter  were  removed. 
(1980)  reported  better  reprodu 
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e  1968;  West  1968), 
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(severity).   Sherma 
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orested  areas  with  the  most  severe  fires.   Some  of 
his  variation  may  depend  on  the  microclimatic 
onditions  of  the  site.   In  the  more  xeric  sage- 
irush-grassland  sites,  adequate  microsites  for 
leedlings  may  be  present  following  a  low-severity 
ire.   The  remaining  vegetation  may  be  important  to 
lodify  the  microclimate;  however,  in  more  mesic 
orested  sites,  a  more  severe  fire  may  open  up  the 
ense  vegetation  and  provide  suitable  microsites 
or  seedling  establishment.   Dealy  (1970)  and 
uubbard  (1956)  found  the  release  from  competition 
jy  other  plants  a  major  factor  in  the  establishment 
t'lf  bitterbrush  seedlings.   Ferguson  and  Medin 
1983)  found  few  bitterbrush  seedlings  on  an  area 
rotected  from  livestock  grazing  and  fire. 

production  of  bitterbrush  seed  varies  annually,  and 
ood  seed  crops  occur  infrequently  (Giunta  and 
thers  1978) .   Rodents  are  important  in  the  dissemi- 

-ation  and  planting  of  seeds,  and  a  high  proportion 
f  seedlings  results  from  germination  of  seeds  in 
nutilized  rodent  caches  (Hormay  1943;  Nord  1965; 
est  1968;  Sherman  and  Chilcote  1972).   Rodents 

jransport  seeds  up  to  1,000  ft  (305  m)  (Nord  1965) 
nd  are  important  in  the  movement  of  the  relatively 
arge  bitterbrush  seed  away  from  parent  plants, 
odents,  however,  may  also  reduce  bitterbrush 
eproduction  by  consuming  large  quantities  of  the 
nnual  seed  crop  and  by  eating  developing  seedlings 
Hubbard  and  McKeever  1961). 


METHODS 

! 

his  study  was  conducted  in  the  Northern  Rocky 
ountains,  primarily  in  Idaho  and  Montana.   Within 
his  region  56  prescribed  burn  and  wildfire  sites 
jere  located  (fig.  1).   These  represent  variation 
hat  occurs  in  habitat  type,  season  of  fire,  growth 
iorm,  and  fire  severity.   Only  burned  sites  between 
!  and  10  years  old  were  sampled.   A  minimum  of 
ll  years  was  chosen  because  many  plants  that 
Initially  resprout  following  a  fire  die  in 
ucceeding  years  (Clark  and  others  1982).   We 
elieve  that  those  individuals  that  lived  for 
years  had  a  high  probability  of  survival.   The 
pper  limit  was  chosen  because  our  experience  has 
hown  that  after  10  years  the  skeletons  of  the 
urned  bitterbrush  plants  begin  to  decompose,  thus 
aking  it  difficult  to  establish  the  prefire 
ensity.   Also,  after  10  years,  the  sprouts  become 
jeproductively  mature  and  begin  to  contribute  to 
'he  seed  source  on  the  burn.   Consequently,  it 
Sould  become  increasingly  difficult  to  determine 
the  immediate  postfire  density  of  seedlings. 

fn  each  burn,  one  sample  site  was  randomly  selected 
from  those  where  the  prefire  density  of  mature 
!itterbrush  was  estimated  to  exceed  200/acre 
500/ha).   Five  6.56-  by  164-ft  (2-  by  50-m)  belt 
ransects  were  located  by  using  a  random  numbers 
able.   The  density  of  dead,  resprouting,  and 
'nburned  plants  on  site  at  the  time  of  the  fire  was 
'ecorded.   Seedling  density  was  also  recorded  for 
lach  transect.   Additional  data  collected  included 
labitat  type,  bitterbrush  growth  form,  season  of 
iire,  elevation,  slope,  aspect,  soil  texture,  and 
'arent  material.   Where  prefire  density  was  less 
nan  200  bitterbrush  per  acre,  a  plotless  method 


Figure  1. — Location  of  areas  burned  by  prescribed 
burns  or  wildfires  in  the  Northern  Rocky  Mountains 
which  were  sampled  for  bitterbrush  resprouting 
frequency  and  establishment  of  seedlings. 


was  used  to  determine  resprouting  potential.   Four 
random  groups  of  25  plants  were  located.   Individ- 
uals were  identified  as  dead  or  alive.   Resprouting 
was  estimated  from  this  sample  regardless  of  how 
much  area  was  required  to  locate  the  25  plants.   An 
estimate  of  seedling  density  was  not  made  on  these 
sample  sites. 

The  classification  of  habitat  types  follows  Pfister 
and  others  (1977),  Mueggler  and  Stewart  (1980), 
Steele  and  others  (1981),  and  Hironaka  and  others 
(1983),  depending  on  the  vegetation  and  area.   A 
habitat  type  classification  system  for  Utah  juniper 
(Juniperus   osteosperma)    and  western  juniper  {J. 
occidentalis)    has  not  been  developed  for  this 
region.   These  sample  sites  were  classified  only  by 
the  species  of  juniper  present. 

The  other  exception  concerns  a  type  of  vegetation 
that  has  not  been  separately  described.   This 
vegetation  has  been  included  within  the  Artemisia 
tridentata   ssp.  vaseyana-Symphoricarpos  oreophilus/ 
Festuca  idahoensis   habitat  type  by  Hironaka  and 
others  (1983)  and  will  be  referred  to  as  "mountain 
shrub"  in  this  paper.   It  is  slightly  more  mesic 
than  the  typical  A.    tridentata   ssp.  vaseyana-S . 
oreophilus /F.    idahoensis   vegetation.   It  is 
characterized  by  the  presence  of  one  or  more  of  the 
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following  shrubs:  Saskatoon  serviceberry 
(Amelanahier  alnifolia) ,   snowbrush  ceanothus 
{Ceanothus  velutinus) ,   bitter  cherry  (Prunus 
emarginata) ,   quaking  aspen  {Populus   tremuloides) , 
and  squaw  currant  (Eibes  cerewn) .      Our  experience 
indicated  that  this  vegetation  responds  differently 
to  fire  than  that  included  in  the  drier  end  of  the 
habitat  type  as  described  by  Hironaka  and  others 
(1983);  it  was,  therefore,  separated. 

Bitterbrush  does  not  occur  as  Ifistinctly  different 
growth  forms'  over  the  entire  region.   Variation 
within  the  species  is  continuous  between 
populations  which  are  decumbent  and  multiple 
stemmed  to  those  which  are  upright  (columnar)  and 
single  stemmed.   The  latter  may  exceed  9.6  ft  (3  m) 
in  height.   Growth  form  variation  was  separated 
into  three  classes.   The  decumbent  form  included 
those  low-growing  multiple-stemmed  individuals 
(less  than  3.28  ft  (1  m)  tall)  which  commonly 
reproduce  by  layering.   Subcolumnar  individuals 
included  those  which  did  not  layer,  were  usually 
between  2.-5- and  4.9  ft  (75  to  150  cm)  tall,  and 
multiple  stemmed.   The  columnar  form  included 
plants  that  were  usually  greater  than  3.28  ft  (1  m) 
tall,  did  not  layer,  and  had  few  to  a  single  main 
stem.   Mature,  unburned  plants  in  the  general 
vicinity  were  used  to  make  this  distinction.   When 
more  than  one  form  occurred  on  a  site,  the  dominant 
form  was  recorded. 

The  season  and  year  of  the  fire  were  obtained  from 
land  management  agency  records.   Fires  were  located 
that  had  occurred  in  various  seasons  and  habitat 
types  in  order  to  balance  the  design  of  the  study 
as  much  as  possible. 

One-way  analysis  of  variance  (ANOVA)  and  Duncan's 
Multiple  Range  Test  were  used  to  test  the  data  for 
significant  differences.   More  complex  ANOVA  could 
not  be  used  due  to  the  unbalanced  nature  of  the 
data. 


reverse  is  true.   They  are  likely  to  be  burned  by 
wildfire  and  only  rarely  burned  with  prescribed 
fires.   Prescribed  fires  were  usually  ignited  in 
the  spring  and  fall,  and  wildfires  occurred 
primarily  in  the  summer  and  fall. 

The  habitat  types  were  grouped  into  five  major 
categories  of  conifer,  mountain  shrub,  mountain  b: 
sagebrush,  basin  big  sagebrush,  and  juniper 
(table  1).   Bitterbrush  responded  similarly  to  fii 
in  habitat  types  or  communities  within  each  group 


Resprouting 

The  decumbent  form  of  bitterbrush  resprouted  more 
frequently  than  the  other  two  forms  (table  2) , 
whereas  the  subcolumnar  form  resprouted  on  the 
average  two  times  as  frequently  as  the  columnar 
form.   The  difference,  however,  was  not  signifi- 
cant.  Columnar  and  subcolumnar  forms  resprout  fro 
a  mass  of  dormant  buds  at  ground  level  or  from  a 
callus  of  meristematic  tissue  above  the  ground 
level  as  described  by  Blaisdell  and  Mueggler 
(1956).   The  decumbent  forms  resprout  from  the 
central  bud  mass  and  from  bud  masses  that  form  at 
the  points  where  the  branches  layer.   It  was 
observed  that  when  fire  killed  the  above-ground 
connecting  branches,  the  separate  resprouting  bud 
masses  may  no  longer  be  interconnected.   These 
individual  bud  masses  may  be  over  3.28  ft  (1  m) 
from  the  parent  bud  mass. 

Resprouting  frequencies  of  bitterbrush  on  sites 
burned  in  the  spring-  and  fall-burned  sites 
averaged  55  and  42  percent,  respectively,  but  weri 
not  significantly  different  (table  3).   Resproutli 
was  less  frequent  on  the  summer-burned  sites  and 
averaged  21  percent.   Summer  fire  may  be  more 
destructive  to  bitterbrush  because  burns  occur 
during  a  period  of  lowest  carbohydrate  reserves 
(Menke  and  Trlica  1981),  and  summer  is  also  when 
the  most  severe  fires  occur. 


RESULTS  AND  DISCUSSION 

Habitat  type-form-season  of  fire  combination  was 
found  impossible  to  completely  balance.   The  three 
forms  of  bitterbrush  do  not  occur  within  every 
habitat  type  sampled.   In  general,  there  is  an 
elevation-moisture  gradient  associated  with  form. 
The  decumbent  form  is  found  at  the  higher  eleva- 
tions and  on  more  mesic  sites.   The  columnar  form 
occurs  primarily  at  the  lower  elevations  and  on 
more  xeric  sites.   The  subcolumnar  form  was  inter- 
mediate in  regard  to  both  variables.   In  some 
instances  pure  stands  of  two  different  forms  may  be 
found  close  to  each  other,  depending  upon  the  site. 
Thus,  large  differences  in  elevations  were  not 
always  necessary  to  cause  a  change  in  form. 

In  addition,  different  habitat  types  were  not 
likely  to  be  burned  in  all  seasons  due  to 
differences  in  fuel  conditions.   The  decumbent  form 
occurs  in  communities  that  are  not  frequently 
burned  by  wildfires.   Prescribed  fire,  however,  is 
more  likely  to  be  utilized  in  these  communities  at 
the  present  time.   With  the  columnar  form,  the 


The  highest  resprouting  potential  of  the  five 
habitat  groups  was  found  to  be  in  the  mountain 
shrub  and  the  conifer  groups,  with  60  and  49 
percent  of  the  plants  surviving,  respectively 
(table  4) .   The  bitterbrush  populations  in  these 
groups  are  composed  primarily  of  decumbent  plants 
The  mountain  big  sagebrush  group  is  also  dominate 
by  the  decumbent  form,  but  resprouting  was  signif 
cantly  lower  than  in  the  first  two  habitat  groups 
The  habitat  types  in  this  group  are  slightly  more 
xeric  than  those  in  the  mountain  shrub  or  conifer 
groups.   Basin  big  sagebrush  and  juniper  habitat 
groups  had  the  lowest  resprouting  potential.   The 
groups  were  dominated  by  columnar  and  subcolumnar 
forms  of  bitterbrush.  |l 


Seedling  Establishment 

Seedling  establishment  rates  appeared  to  be  most 
affected  by  moisture  gradient  (tables  2,  3,  and  A 
Postfire  seedling  densities  were  greater  on  the 
more  mesic  habitat  types  such  as  the  conifer  grou 
Seedling  density  was  greatest  on  areas  burned  in 
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Table  1. — List  of  habitat  types  and  other  cominunities  included  within  the  analysis  groups  used  in 
this  study 


Community  or  habitat 
type  group 


Habitat  types  and  communities 
included  within  group 


Reference 


Conifer 


Pseudotsuga  menziesii/ 
Symphoricarpos  albus   ht 

Pseudotsuga  menziesii/ 
Symphoricarpos  oreophilus   ht 

Pinus  ponderosa/Purshia 
tridentata   ht 


Pfister  and  others  1977 


Pfister  and  others  1977 
Steele  and  others  1981 

Pfister  and  others  1977 
Steele  and  others  1981 


Mountain  shrub 


Mountain  big  sagebrush 


Basin  big  sagebrush 


Juniper 


Artemisia  tridentata   ssp. 
vaseyana-Symphoricarpos 
oreophilus /Festuaa  idaho- 
ensis    (mesic  phase)  ht 

Artemisia   tridentata   ssp. 
vaseyana-Symphoricarpos 
oreophilus /Festuca  idaho- 
ensis    (dry  phase)  ht 

Artemsia  tridentata   ssp. 
vaseyana/ Festuca  idahoensis   ht 

Artemisia  tridentata  ssp. 
vaseyana  f.  "xericensis"^ 
Agropyron  spicatwn     ht 

Artemisia  tridentata  ssp. 
tridentata /Agropyron  spicatwn 

Includes  all  communities  in  which 
Purshia  tridentata   occurs  with 
Juniperus  osteosperma   or 
J.    occidentalis .      At  this  date  these 
habitat  types  have  not  been  described 
for  the  region  sampled. 


Adapted  from  Hironaka  and 
others  1983 


Hironaka  and  others  1983 


Hironaka  and  others  1983 
Mueggler  and  Stewart  1980 

Hironaka  and  others  1983 


Hironaka  and  others  1983 
Mueggler  and  Stewart  1980 


^  Currently  this  taxon  of  Artemisia   has  not  been  officially  established  by  taxonomists,  but 
has  been  referred  to  by  Winward  and  Tisdale  (1977). 


Ite  winter  or  spring  and  least  on  areas  burned  in 
tie  summer  (table  3)  .   The  rate  of  seedling 
etablishment  closely  corresponds  to  resprouting 
Ftential.   In  general,  the  greater  the  ability  to 
isprout,  the  greater  the  likelihood  of  seedling 
€tablishment .   A  notable  exception  is  the  conifer 
gbup.   Although  its  average  resprouting  potential 
v;s  slightly  less  than  that  of  the  mountain  shrub, 
£erage  seedling  density  was  two  times  greater  for 
t;e  conifer  group  (table  4)  . 


The  lowest  seedling  density  was  found  in  the  juni- 
per group  (table  4).   We  do  not  know  why  the  rate 
is  so  low.   Both  the  juniper  and  basin  big  sage- 
brush groups  are  usually  dominated  by  the  columnar 
form.   Cheatgrass  {Bromus   tectorum) ,   which  competes 
with  bitterbrush  seedlings  for  soil  moisture,  was 
usually  less  prevalent  within  the  juniper  vegetation 
than  in  basin  big  sagebrush.   Slow  regeneration  of 
bitterbrush  on  juniper  sites  probably  involves  more 
than  plant  competition.   Precipitation  in  the 
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Table  2. — Percentage  bitterbrush  resprouting  and 
seedling  density  3  to  10  years  after 
fire  as  affected  by  bitterbrush  growth 
form  in  the  Northern  Rocky  Mountains. 


Growth 
form 

Resprouting 
Mean^   n^ 

Seedling 
Meanl 

density 
n2 

Percent 

No. /acre 

(No. /ha) 

Decumbent 

57a 

28 

189  (467)a 

26 

Subcolumnar 

18b 

12 

87  (209)a 

11 

Columnar 

7b 

16 

29  (71)a 

9 

^Values  within  a  column  followed  by  the  same 
letter  are  not  significantly  different  (P  _<  0.05) 
as  determined  by  Duncan's  Multiple  Range  Test. 

^n  is  the  sample  size  and  varies  within  a 
growth  form  between  resprouting  and  seedling 
density  because  density  could  not  be  sampled  on 
all  sites. 


Table  3. — Percentage  bitterbrush  resprouting  and 
seedling  density  3  to  10  years  after 
fire  as  affected  by  season  of  the  fire 


Fire 

Resprouting 

Seedling  density 

season 

Meanl 

n2 

Mean'       n^ 

Percent 

No. /acre   (No. /ha) 

Late  winter- 

55a 

10 

266  (658)a      9 

spring 

Fall 

42a 

19 

136  (335)ab    16 

Summer 

21b 

27 

73  (181)b     21 

^Values  within  a  column  followed  by  the  same 
letter  are  not  significantly  different  (P  <_  0.05) 
as  determined  by  Duncan's  Multiple  Range  Test. 

n  is  the  sample  size  and  varies  within  a 
season  between  resprouting  and  seedling  density 
because  density  could  not  be  sampled  on  all  sites. 


juniper  types  at  least  equals  that  of  the  basin  big 
sagebrush  group,  so  this  probably  is  not  a  factor. 
Precipitation  is  low,  however,  in  both  types.   The 
prefire  density  of  bitterbrush  was  also  approxi- 
mately equal.   It  has  been  observed  that  seed 
production  by  bitterbrush  on  sites  occupied  by 
juniper  is  reduced  as  the  juniper  begins  to 
dominate  the  site.   This  reduction  would  deplete 
seed  reserves  in  the  soil.   This  phenomenon  has  not 
been  observed  on  sites  occupied  by  sagebrush 
(Monsen  1984).   Ferguson  (1972)  found  soil  moisture 
and  surface  temperature  to  be  important  in  seedling 
establishment.   In  general,  the  juniper  sites  were 
more  productive,  cooler  in  summer,  and  not  subject 
to  as  variable  temperatures  during  the  winter  as  the 
basin  big  sagebrush  sites.   It  may  be  that  large 
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rodent  populations  remove  seeds  and  girdle  seed- 
lings.  The  relationship  of  prefire  and  postfire 
rodent  populations  between  the  two  groups  is  not 
known.   Other  research  has  shown  that  rodents  have 
a  significant  impact  on  bitterbrush  establishment 
from  seed  (Hubbard  and  McKeever  1961).   On  one 
burned  site  in  this  study,  25  seedlings  were 
permanently  marked  with  stakes.   Close  inspection 
of  the  burned  area  during  the  third  year  revealed 
that  no  seedlings  had  survived  even  through  they 
were  numerous  the  first  2  years  after  the  fire. 
Browsing  by  rodents  or  rabbits  was  determined  to 
have  been  the  cause.   This  indicates  the  impact 
that  rodents  may  have  on  bitterbrush  regeneration. 


Soil  stability  may  be  a  factor 
lishment.   Grazing  by  livestock 
unstable  granitic  soils  near  Ho 
Idaho,  had  displaced  substantia 
on  the  56  percent  slopes.   The 
on  this  site  was  145  per  acre  ( 
was  the  greatest  of  the  sites  d 
columnar  form.   The  majority  of 
single  plants,  which  indicated 
from  rodent  seed  caches.   This 
burial  was  a  factor  in  seedling 


in  seedling  estab- 

after  fire  on 
rseshoe  Bend, 
1  amounts  of  soil 
density  of  seedlings 
360  per  ha) ,  which 
ominated  by  the 

seedlings  were 
that  they  were  not 
suggests  that  seed 

establishment . 


Fall  is  believed  to  be  the  best  time  for  prescribed 
burning  if  seedling  establishment  is  a  major 
consideration  (Monsen  and  Christensen  1975).   Fall 
burns  occur  after  the  current  year's  seed  has 
fallen  from  the  plants  and  the  seed  availability  is 
maximized.   This  study,  however,  found  two  times  as 


Table  4. — Percent  bitterbrush  resprouting  and  seedl 
density  3  to  10  years  after  fire  as  affec 
by  major  habitat  type  groups  or  communiti 
in  the  Northern  Rocky  Mountains 


i 


«i 


aj 


Community  or 
habitat  type 
group 


Resprouting 
Mean'   n^ 


Seedling  densityi 


Mean 


Mountain  shrub 

Conifer 

Mountain  big 
sagebrush 

Basin  big 
sagebrush 

Juniper 


Percent 
60a  12 
49a  15 
28b   11 

llbc  10 

6c   8 


No. /acre  (No. /ha) 


107  (264)ab    11 

260  (643)a    14 

94  (231)ab    10 


54  (133)b 
6   (16)b 


6 


Values  within  a  column  followed  by  the  same 
letter  are  not  significantly  different  (P  _<  0.05) 
as  determined  by  Duncan's  Multiple  Range  Test. 

n  is  the  sample  size  and  varies  within  a 
season  between  resprouting  and  seedling  density 
because  seedling  density  could  not  be  sampled  on 
all  sites. 


^  occuxxiigo  uii  spixiig  Durns  cnan  rail  burns, 
though  the  difference  was  not  significant  (table 
It  seems  that  fire  severity  and  environmental 
nditions  after  the  burn  may  be  more  important  in 
[edling  establishment  than  the  number  of  seeds 
esent. 


anges  in  Density  Following  Fire 

en  considering  the  short-term  effects  of  fire  on 
tterbrush  populations,  overall  changes  in  density 
ly  be  more  important  than  either  mortality  or  seed- 
ing establishment.   Changes  in  density  are  presented 
t  habitat  group  in  table  5.   The  smallest  decrease 
i  average  density  occurred  in  the  conifer  habitat 
ioup.   Although  the  mountain  shrub  group  had  the 
jeatest  average  number  of  resprouts  (table  4),  the 
fgher  seedling  establishment  in  the  conifer  group 
ire  than  compensated  for  this  difference.   The 
:nifer  group  with  density  increases  on  A  of  14 
Etes  was  also  the  only  group  in  which  density 
iiCreased  after  fire.   One  site  had  57  percent  more 
tjtterbrush  plants  after  a  fire  than  before  it  was 
brned. 


le  greatest  deer 
Ig  fire  occurred 
Iv  resprouting  c 
lat.  The  averag 
5  percent.  This 
c  bitterbrush  di 
bcause  bitterbru 
i  probably  fire 
cnmunities  in  th 
hs  been  our  obse 
cjier  disturbance 
bbsh  will  eventu 
jiiiper  stand.  S 
t|  Young  and  Evan 


ease  in  bitterbrush  density  follow- 
in  the  juniper  group,  which  has 
ombined  with  low  seedling  establish- 
e  decrease  in  this  group  was 

poor  response  makes  the  management 
fficult  in  the  juniper  communities 
sh  is  poorly  adapted  to  fire.   It 
dependent,  however,  in  many  of  the 
e  Northern  Rocky  Mountains.   It 
rvation  that  without  fire  or  some 

that  removes  the  juniper,  bitter- 
ally  be  replaced  by  the  developing 
imilar  results  have  been  reported 
s  (1981)  for  California. 


lole  5. — Change  in  density  of  bitterbrush  follow- 
ing fire  by  habitat  type  group  or 
community  averaged  across  season  and 
growth  form  in  the  Northern  Rocky 
Mountains 

Cmnunity       Change      Standard      Range 
hsitat  type   in  density    deviation 

group  Minimum  Maximum 


Cnifer 

^lJntain   shrub 

t-intain   big 
sagebrush 

E3in   big 
isagebrush 


Jii 


per 


-11 
-30 
-55 

-68 

-91 


— percent- 
±36.9 
±28.2 
±30.6 

±10.4 

±11.2 


■  62 

■  87 
■100 

-   79 

•100 


+57 
0 
0 

-54 

-73 


MANAGEMENT  IMPLICATIONS 

It  is  a  common  belief  among  land  managers  that 
prescribed  burning  has  no  role  in  the  management  of 
bitterbrush.   This  conclusion  is  based  on  the 
premise  that  bitterbrush  is  fire  sensitive  and 
needs  protection.   This  study  and  others  have  shown 
that  although  variation  in  response  to  fire  occurs 
due  to  growth  form,  habitat  type,  season  of  the 
fire,  and  other  factors,  some  bitterbrush  mortality 
should  be  expected  in  almost  all  situations. 
Seedling  establishment  also  varies,  but  seldom 
compensates  for  the  mortality  in  those  areas  where 
bitterbrush  is  not  well  adapted  to  fire  in  the 
short  term  (less  than  10  years).   Many  prescribed 
fires  in  communities  where  bitterbrush  is  a  compo- 
nent of  the  vegetation  are  currently  conducted  for 
objectives  other  than  bitterbrush  management. 
These  objectives  include  sagebrush  {Artemisia   spp.) 
control,  increased  herbaceous  production,  or  slash 
disposal.   In  these  instances,  prescribed  burns  may 
be  conducted  in  a  manner  that  minimizes  the  loss  of 
bitterbrush  or  may  be  canceled  because  the  bitter- 
brush losses  are  judged  to  be  unacceptable.   This 
and  other  research  enable  the  manager  to  predict 
the  short-term  effects  of  fire  on  bitterbrush.   The 
question  then  remains  as  to  what,  if  any,  is  the 
role  of  prescribed  burning  in  bitterbrush  manage- 
ment . 

In  the  Northern  Rocky  Mountain  area,  bitterbrush 
occurs  as  a  component  of  many  forested  and 
nonforested  habitat  types.   It  may  be  present  at 
the  serai  or  climax  stage  or  throughout  the  entire 
successional  sequence.   Even  in  those  communities 
where  it  is  a  part  of  the  climax  vegetation,  it  may 
act  as  a  pioneer  species.   Given  a  seed  source,  it 
is  often  one  of  the  first  species  to  reoccupy  a 
disturbed  site  such  as  a  roadcut  (Nord  1965). 
Bitterbrush  has  also  been  shown  to  increase  after 
other  disturbances  such  as  logging  (Stuth  and 
Winward  1976;  Edgerton  1983)  and  fire  (Sherman  and 
Chilcote  1972;  Driver  and  others  1980;  Martin 
1983).   Consequently,  it  is  important  to  realize 
the  successional  status  of  bitterbrush  within  the 
particular  community  and  that  these  communities  are 
dynamic,  not  static,  even  at  the  climax  stage. 

Our  study  and  others  have  shown  wide  differences  in 
the  response  of  bitterbrush  to  fire;  these  differ- 
ences depend  upon  several  variables.   These  findings 
demonstrate  that  it  may  be  ecologically  sound  to 
use  fire  in  bitterbrush  management.   The  level  of 
fire  use,  however,  varies  with  the  situation. 


Density  change  includes  resprouting  and 
sidling  establishment  3  to  10  years  after  fire 
c;urred  minus  mortality. 


The  role  of  prescri 
bitterbrush  within 
such  as  Douglas-fir 
that  of  maintaining 
Peek  and  others  (19 
declining  in  a  sera 
stand  that  had  been 
fire.  The  site  was 
{Symphoriaarpos  alb 
that  if  the  vegetat 
composition,  bitter 
community.  This  de 
many  bitterbrush  st 
Mountain  region. 


bed  burning  in  the  management  of 
the  mesic  forested  communities, 

(Pseudotsuga  menziesii) ,    is 

a  subclimax  community  type. 
78)  found  that  bitterbrush  was 
1  ponderosa  pine  (Pinus  ponderosa) 

protected  from  grazing  and 

a  Douglas-f ir/snowberry 
us)    habitat  type.   They  stated 
ion  proceeded  to  the  climax 
brush  would  disappear  from  the 
cline  is  now  occurring  within 
ands  in  the  Northern  Rocky 
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Our  data  support  the  use  of  prescribed  fire  to 
regenerate  bitterbrush  in  serai  ponderosa  pine 
stands.   There  are  opportunities  to  either  under- 
burn  or  selectively  log  and  burn  in  conifer  types 
for  bitterbrush  improvement.   Application  of  spring 
or  fall  prescribed  fire  would  allow  a  rather  high 
rate  of  resprouting  of  bitterbrush  which  are 
primarily  decumbent.   Establishment  of  many  bitter- 
brush seedlings  can  be  expected.   This  conclusion 
is  similar  to  that  drawn  by  Driver  (1983)  for 
ponderosa  pine. 

Bitterbrush  is  a  climax  component  of  the  ponderosa 
pine/bitterbrush  habitat  type.   Even  in  these 
communities,  productivity  and  density  will  decline 
without  periodic  disturbance.   Initially,  bitter- 
brush increased  on  these  areas  as  a  result  of  fire 
protection  (Leopold  1950;  Weaver  1957;  Johnson  and 
Smathers  1974).   With  continued  protection,  however, 
many  populations  have  become  decadent.   Sherman  and 
Chilcote  (1972)  found  that  bitterbrush  declined  in 
density  from  25  to  100  years  following  a  fire.   It 
has  also  been  shown  that  productivity  of  individual 
plants  greater  than  70  years  old  declines  (McConnell 
and  Smith  1977).   Fire  suppression  may  reduce 
reproduction  by  reducing  the  available  microsites 
for  rodents  to  cache  seeds  since  they  prefer 
microsites  with  thin  layers  of  litter  (Sherman  and 
Chilcote  1972).   The  establishment  of  bitterbrush 
seedlings  on  undisturbed  sites  is  probably  also 
regulated  by  competition.   Any  factor  reducing 
competition  enhances  seedling  survival.   Litter 
accumulation  also  changes  soil  characteristics 
(Zinke  1962)  which  may  influence  seedling 
establishment . 

The  response  of  bitterbrush  within  the  western 
juniper  and  pinyon-juniper  communities  is  much 
different  than  the  response  in  the  more  mesic 
forest  types.   In  these  communities,  bitterbrush 
usually  develops  the  columnar  growth  form,  which  is 
least  adapted  to  fire.   Our  data  indicated  the 
lowest  resprouting  potential  and  number  of 
established  seedlings  of  bitterbrush  in  the  juniper 
communities  of  those  habitat  types  studied.   It  may 
seem  logical  then  to  restrict  the  use  of  fire  in 
these  communities  in  order  to  maintain  the  stands 
of  bitterbrush;  however,  unless  fire  is  permitted 
periodically  into  these  areas  the  juniper  will 
increase  in  density  and  invade  adjacent  sagebrush/ 
grassland  vegetation  (Burkhardt  and  Tisdale  1976). 
Increasing  dominance  of  juniper  in  a  community 
decreases  the  understory  shrub  and  herbaceous 
species.   Consequently,  with  continued  protection 
from  fire  the  bitterbrush  in  these  communities  will 
be  replaced  by  other  species.   Young  and  Evans 
(1981)  found  vigorous  bitterbrush  only  in  open 
stands  of  juniper.   They  suggested  that  these  were 
probably  areas  that  had  previously  burned  and  were 
being  reinvaded  by  juniper.   In  dense  juniper 
stands,  the  bitterbrush  was  dead  or  had  very  low 
vigor.   It  appears  that  even  though  bitterbrush  is 
not  well  adapted  to  fire  in  these  communities,  it 
depends  upon  fire  to  maintain  a  lower  successional 
stage  than  climax  juniper. 

Periodic  fire  will  be  necessary  to  maintain  bitter- 
brush in  juniper  communities.   The  fire-free 
interval  will  need  to  be  sufficiently  long  to  allow 


the  bitterbrush  to  redevelop.   If  the  interval  is 
too  long,  the  reinvading  juniper  will  eliminate  thi 
bitterbrush  seed  source.   The  development  of  a  new 
bitterbrush  stand  will  require  more  time  because 
the  seeds  will  have  to  be  transported  onto  the  burn 
from  other  areas.   Dense  juniper  stands  do  not 
readily  burn  due  to  the  lack  of  fine  fuels;  howeve 
when  they  do  burn  the  fires  are  usually  severe. 
High-severity  fires  will  also  reduce  the  number  of 
surviving  plants.   This  situation  is  becoming 
common  in  many  juniper  communities  at  this  time. 


a 


The  role  of  prescribed  fire  in  the  management  of 
bitterbrush  in  nonforested  habitat  types  is  less 
clear  than  that  in  the  forested  communities.   Sinci 
these  types  are  not  occupied  by  trees,  the  decline 
in  bitterbrush  density  and  vigor  is  not  as  readily 
apparent  even  after  long  periods  of  fire  absence. 
There  is  some  evidence,  however,  that  fire  or  othe 
disturbance  may  be  necessary  to  establish  new 
bitterbrush  plants  in  these  communities.   McConnel 
and  Smith  (1977)  found  that  the  productivity  of 
bitterbrush  was  correlated  to  age  regardless  of 
browsing  intensity.   Annual  production  increased  t^ 
a  maximum  at  60  to  70  years  of  age  and  then 
declined.   In  Idaho,  it  was  found  that  deer 
browsing  was  not  a  significant  factor  in  vegetatio 
change  over  a  23-year  period.   Bitterbrush  annual 
production  and  density  decreased  while  canopy 
coverage  increased  (Ferguson  and  Medin  1983). 

Bitterbrush  associated  with  mountain  big  sagebrush 
is  usually  well  adapted  to  fire.   The  bitterbrush 
present  usually  are  of  the  decumbent  form  or, 
rarely,  subcolumnar.   Resprouting  frequency  averagj 
45  percent  in  the  nonforested  communities  where 
mountain  big  sagebrush  was  present.   Prescribed 
fire  is  frequently  used  in  these  communities  for  ! 
sagebrush  control.   Coverage  of  mountain  big 
sagebrush  is  among  the  greatest  found  in  Artemisia\ 
types  and  may  exceed  40  percent.   Fire  is  an 
effective  means  to  stimulate  production  of  these  i 
communities.   Initially,  the  herbaceous  component 
is  enhanced.   Nearly  all  shrubs,  including  bitter-|| 
brush  and  mountain  big  sagebrush,  establish  more 
rapidly  from  resprouts  or  seed  than  many  other 
sagebrush  communities.   Consequently,  the  produc- 
tivity of  the  shrub  component  is  also  enhanced  in 
the  long  term  by  periodic  fire  in  many  situations.' 
Spring  fires  give  the  best  results  in  this  vegeta-f 
tion,  but  spring  prescribed  burning  may  be  limited 
in  some  areas  due  to  the  climate.   Most  shrubs,   i 
including  bitterbrush,  also  respond  well  to  low- 
severity  fall  prescribed  fires,  however. 

Bitterbrush  in  the  basin  big  sagebrush  and  "specie 
X"  {Artemisia  vaseyana   f.  "xerioensis")    (Winward 
and  Tisdale  1977)  communities  are  more  seriously 
damaged  by  fire  than  those  associated  with  mountai 
big  sagebrush.   They  are  usually  columnar  or 
subcolumnar  forms  which  resprout  poorly  and  do  not 
readily  establish  from  seed.   Many  of  these  commur 
ties  are  also  heavily  invaded  by  cheatgrass.   This 
has  altered  the  plant  competition  relationships, 
particularly  at  the  bitterbrush  seedling  stage, 

Cheatgrass,  an  exotic,  has  also  altered  the  fire 
relationships  in  these  areas  by  changing  fuel 
distribution  and  amount.   Since  the  invasion  of 


• 
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leatgrass,  fires  in  these  communities  are  likely 
jire  continuous  than  previously.   The  fire-free 
iterval  of  fires  in  cheatgrass  dominated  areas  is 
lorter.   Cheatgrass  responds  favorably  to  fire, 
id  fuels  can  return  to  sufficient  levels  to  carry 
[Other  fire  within  1  to  2  years. 

!ie  role  of  fire  in  these  communities  before 
'.ttlement  is  not  known.   It  has  been  suggested 
lat  because  the  recovery  of  bitterbrush  may  take 
I  years,  the  fire  frequency  would  have  been  about 
)  years  for  bitterbrush  to  exist  (Wright  and 
tiley  1982).   It  has  also  been  suggested  that  the 
.re  interval  was  short  and  that  many  of  the  shrubs 
hre  not  present  in  the  densities  we  observe  today 
ruell  in  preparation).   This  may  have  been  the 
se  with  bitterbrush  in  the  "species  X"  communi- 
.es,  which  are  often  productive  sites  on  moderate 
>  steep  slopes.   They  burn  frequently  today  as  a 
;sult  of  lightning  and  human-caused  fires.   Even 
lOugh  cheatgrass  has  increased  the  fire  potential, 
is  probable  that  frequent  Indian-  and  lightning- 
kused  fires  held  bitterbrush  to  low  levels  in  this 
immunity  in  presettlement  times. 

le  current  fire  frequency  combined  with  the  poor 
laptation  of  bitterbrush  to  fire  in  "species  X" 
immunities  makes  continued  maintenance  of  bitter- 
■ush  difficult  without  artificial  planting  as 
iggested  by  Ferguson  and  Medin  (1983).   Another 
i)ssibility  is  the  development  of  a  more  fire- 
llapted  cultivar  of  bitterbrush  or  the  introduction 
a  resprouting  browse  species  into  these  areas. 
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'  conclude  that  although  bitterbrush  density 
;ually  decreases  initially  following  fire,  the 
intinued  productivity  and  dominance  in  a 
pmmunity  of  bitterbrush  is  disturbance-dependent. 
Ill  many  instances,  continued  protection  from  fire 
ill  result  in  low  rates  of  reproduction  and 
•dining  productivity.   Proper  application  of 
"escribed  fire  may  be  used  to  maintain  vigorous 
-tterbrush  stands  on  a  long-term  basis.   As 
inagers  we  must  not  be  so  concerned  with 
lort-term  effects  that  we  lose  sight  of  the 
iture  needs  of  the  species  and  those  animals  that 
"e  dependent  upon  it. 
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INFLUENCE  OF  FIRE  ON  CURLLEAF  MOUNTAIN-MAHOGANY  IN  THE  INTERMOTOTAIN  WEST 
G.  Gruell,  S.  Bunting,  and  L.  Neuenschwander 


ABSTRACT:   Comprehensive  sampling  of  curlleaf 
mountain-mahogany  (Cercocarpus    ledifolius)    on  Al 
sites  in  five  States  allowed  an  assessment  of 
postfire  population  dynamics,  differences  in 
regeneration  patterns,  and  critical  events  in 
stand  regeneration.   Historical  accounts  of  fire, 
fire  history  studies,  and  early  photographs 
provided  historical  perspective  and  contributed  to 
interpretations . 

The  combined  quantitative  and  historical  evidence 
strongly  suggests  that  before  European  settlement, 
fire  significantly  influenced  mahogany  in  the 
Northern  Rockies  by  restricting  its  development. 
A  reduction  of  fire  periodicity  and  size  following 
Euroamerican  settlement  apparently  allowed 
mahogany  seedlings  to  regenerate  far  in  excess  of 
former  levels.   The  absence  of  fire  for  long 
periods  has  resulted  in  great  variation  in 
structure  of  mahogany  stands.   Many  stands  are  in 
a  declining  condition  because  the  absence  of  fire 
has  allowed  them  to  reach  advanced  stages  of 
succession.   In  some  areas,  closure  of  mahogany 
crowns,  excessive  litter  accumulation,  and 
competition  from  other  vegetation  are  inhibiting 
regeneration.   In  other  areas,  young  vigorous 
mahogany  predominate.   These  wide  differences  in 
stand  conditions  suggest  different  management 
strategies.   Many  mahogany  communities  would 
respond  positively  to  fire,  whereas  others  would 
not.   Management  implications  are  given. 


INTRODUCTION 

Curlleaf  mountain-mahogany,  hereafter  referred  to 
as  mahogany,  is  an  important  forage  and  cover 
plant  on  many  game  ranges  in  the  Northern  Rocky 
Mountains.   Various  questions  about  proper 
management  of  mahogany  ecosystems  have  surfaced 
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in  recent  years  because  of  incomplete  knowledge 
of  regeneration  potential.   A  primary  question 
involves  the  role  of  fire.   Mahogany  grows  in 
regions  where  fire  has  been  a  common  ecological 
disturbance;  however,  there  has  been  little 
research  on  the  effects  of  fire  on  long-term 
mahogany  production.   To  determine  whether 
prescribed  fire  has  a  place  in  future  management 
strategies,  it  is  important  to  understand  the 
past  role  of  fire  in  representative  mahogany 
types. 

To  understand  the  role  of  fire  in  managing 
mahogany,  we  conducted  comprehensive  sampling  of 
mahogany  stands  on  a  wide  range  of  sites  in  Idaho, 
Montana,  and  adjacent  portions  of  Nevada,  Utah, 
and  Wyoming  that  were  representative  of  stands  in 
the  Intermountain  West.   In  this  region  mahogany 
is  present  in  over  20  forested  or  nonforested 
habitat  types  (Henderson  and  others  unpubl.; 
Hironaka  and  others  1983;  Mueggler  and  Stewart 
1980;  Pfister  and  others  1977;  Steele  and  others 
1981).   In  the  forested  communities,  mahogany  may 
be  potential  climax  or  serai,  but  in  the 
nonforested  communities  where  it  occurs,  mahogany 
is  potential  climax.   We  assessed  the  postfire 
population  dynamics,  differences  in  regeneration 
patterns,  and  critical  events  in  mahogany 
regeneration. 

Quantitative  data  gathered  at  41  locations  (fig. 
1)  were  complemented  by  fire  history  studies,  fire 
occurrence  records,  historical  literature,  and 
comparison  of  historical  photographs  with  recent 
photographs  taken  in  mahogany  types.   Study 
findings  allowed  us  to  make  implications  for  fire 
management,  including  use  of  prescribed  fire  in 
mahogany  types. 


I 


PAST  RESEARCH 

Mahogany  is  widely  distributed  throughout  semlarld 
regions  of  the  Intermountain  West  from  eastern 
California  to  southwestern  Montana  and  north- 
entral  Wyoming  (Little  1976).   Growth  forms  vary 
rom  low  shrubs  to  plants  that  may  reach  30  ft 
9  m)  in  height  on  productive  sites.   Older  plants 
ly  exceed  300  years  in  age. 

hogany  is  a  highly  palatable  forage  for  mule 
aeer  (Odocoileus  hemionus)    (Smith  1952),  and  it  is 
a  preferred  browse  (Kufeld  and  others  1973). 
Stands  in  many  regions  have  grown  above  the  reach 
of  big  game  and  are  no  longer  a  source  of  forage. 
These  stands  are,  however,  a  valuable  seed  source 
and  important  hiding  cover  (Dealy  1971).   Heavy 
winter  utilization  has  been  widely  reported  (Deitz 
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Figure  1. — Location  of  the  41  mahogany  sampling  sites.   See  table  1  for  description  of  site 
characteristics. 
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and  Nagy  1976;  Claar  1973;  Richens  1967).   In 
southwestern  Montana  heavy  utilization  by 
ungulates  was  believed  to  have  been  responsible 
for  a  deterioration  of  mahogany  stands  (South 
1957).   In  contrast,  Claar  (1973)  concluded  that 
decades  of  heavy  browsing  by  big  game  in  central 
Idaho  had  not  caused  mahogany  to  deteriorate. 
Plant  losses  were  compensated  by  establishment  of 
seedlings.   Mackie  (1973)  concluded  that 
high-level  ungulate  use  over  a  5-  to  23-year 
period  on  two  Montana  winter  ranges  had  not  been 
responsible  for  decreased  plant  populations, 
browse  production,  or  both. 

Researchers  working  on  the  ecology  of  mahogany 
have  postulated  fire  effects.   Dealy  (1975)  in 
eastern  Oregon  and  Scheldt  (1969)  in  Idaho 
reported  that  the  existence  of  mahogany  was 
related  to  the  fire  protection  afforded  by  rocky 
sites.   They  also  concluded  that  most  mahogany 
stands  on  deep  soils  were  less  than  100  years  old 
and  that  tree  age  seemed  to  correlate  closely  to 
the  advent  of  fire  control  and  use  of  forage  by 
livestock  that  otherwise  would  have  fueled  fires. 

Montana  studies  that  included  age  determination  of 
mahogany  implicitly  showed  the  relationship  of  age 
to  absence  of  fire.   Duncan  (1975)  found  an 
average  age  of  22  years  (range  5  to  85  years)  for 
210  randomly  chosen  plants  in  21  southwestern 
Montana  stands.   Lonner  (1972)  reports  the  average 
age  of  62  mahogany  plants  collected  on  Montana  big 
game  winter  ranges  was  37  years  (range  2  to  130 
years)  . 

The  beneficial  influence  of  fire  has  also  been 
reported.   Claar  (1973)  concluded  that  fire  seemed 
to  be  essential  to  set  succession  back  and 
maintain  serai  mahogany  on  drier  sites  associated 
with  adjacent  Douglas-f ir/ninebark  habitat  types. 

Mahogany,  a  weak  sprouter  (Wright  and  others 
1979),  is  highly  susceptible  to  fire,  which 
results  in  heavy  mortality.   It  sprouts  from 
undamaged  auxiliary  buds  on  the  stems  or  from 
adventitious  buds  beneath  the  bark.   Unlike  many 
shrubs,  it  has  a  thick  bark  that  allows  it  to 
survive  light  fires  when  mature  and  does  not 
sprout  from  a  basal  caudex  or  rhizomes.   Sprouting 
may  occur  after  light  burning,  but  reproduction 
almost  entirely  depends  on  seedling  establishment. 

Mahogany  has  successfully  regenerated  from  seed 
after  stands  were  cut.   Dealy  (1975)  reported  that 
young  stands  in  two  Oregon  localities  developed 
following  intensive  cutting  for  firewood  during 
the  late  1800's  and  early  1900's.   Experimental 
cutting  and  bulldozing  of  mahogany  on  the  Targhee 
and  Cache  National  Forests  during  the  1960's 
resulted  in  germination  of  many  seedlings 
(Phillips  1970).   Seedling  germination  was  heavv 
on  mineral  soil  that  was  bared  of  litter  and  plant 
competition.   High  seedling  mortality  may  occur, 
however,  apparently  the  result  of  summer  drought. 

Marked  reductions  in  mahogany  forage  availability 
have  led  to  attempts  to  increase  productivity  by 
top  pruning  (Austin  and  Urness  1980;  Ormiston 
1978;  Phillips  1970;  Thompson  1970).   These 


experiments  indicated  that  production  can  be 
temporarily  increased  in  the  browsing  zone  by 
pruning  plants  above  a  point  where  there  are 
numerous  live  twigs.   Where  large  treelike 
mahogany  predominates,  however,  the  scarcity  of 
twigs  within  the  browsing  zone  precludes  pruning 
as  a  practical  treatment  measure.   No  sprouting 
from  adventitious  buds  below  the  cut  was  reported. 
Attempts  to  improve  forage  availability  by  pushing 
over  younger  mahoganies  with  a  bulldozer  have 
succeeded  (Phillips  1970);  however,  older  mahogany 
usually  die  when  pushed  over  (Dealy  1971). 


HISTORICAL  PERSPECTIVE 

Examination  of  historical  accounts  showed  that 
wildfire  was  a  major  perturbation  in  semiarid 
regions  of  the  Interior  West  from  at  least  1776  to 
1900  (Gruell  in  press).   Many  of  these  fires  were 
set  by  Indians  (Gruell  in  press) .   Some  of  these 
accounts  described  the  beneficial  effects  of  fire 
in  stimulating  grasses  and  suppressing  woody 
plants . 

Study  of  the  scars  on  trees  indicates  that  before 
Euroamerican  settlement  fire  intervals  averaged 
from  5  to  20  years  in  ponderosa  plne/Douglas-f ir 
(.Pinus  ponderosa/Pseudotsuga  menziesii)    forests  in 
the  Bitterroot  Valley  of  western  Montana  (Arno  and 
Peterson  1983).   Scar  data  from  higher  and  cooler  1 
Douglas-fir/sagebrush  (^Artemisia   tridentata 
subsp.  vaseyana)    ecotones  in  Yellowstone  Park  and  i 
southwestern  Montana  indicated  that  fire 
intervals  were  20  to  AO  years  (Houston  1973;  Arno  ! 
and  Gruell  1983).   Fire  scar  evidence  in  Ephraim 
Canyon,  Utah,  indicated  an  average  fire  interval 
of  from  7  to  10  years  in  aspen  (Populus 
tremuloides)   during  the  period  1770  to  1875 
(Baker  1925).   Working  in  southwestern  Idaho, 
Burkhardt  and  Tisdale  (1976)  reported  that 
presettlement  fire  intervals  were  about  11  years 
in  sagebrush-grass /western  juniper  {Juniperus 
oceidentalis)    ecotones. 

An  examination  of  early  photographs  provided 
insights  about  the  historical  appearance  of 
mahogany  stands  (Gruell  1983).   Figures  2  and  3 
are  some  of  the  earliest  scenes  found  within  the 
study  area.   These  1868  and  circa  1871  scenes  show 
mahogany  confined  to  protected  rocky  sites  or  thin 
soils  where  fire  was  infrequent.  Recent  field 
inspection  revealed  evidence  of  pre-1868  fire 
within  the  scene  at  figure  2.   On  other  sites 
(fig.  3)  some  mahogany  plants  had  apparently 
resisted  light  surface  fires  but  were  killed  by  a 
more  severe  fire  before  1871.   Figure  A  shows  an 
example  of  mahogany  regeneration  following 
cutting. 


METHODS 

Mahogany  density  varied  greatly  among  communities. 
To  provide  consistent  sampling  among  study  sites, 
stands  had  to  meet  the  following  criteria  to  be 
selected : 
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Figure  2a. — Looking  east-southeast  down  canyon  toward  Ruby  Marsh  from  a  point  about  1.5  miles  above  Flyn 
and  Hager  Spring  (elevation  7,500  ft)  (1868).   Note  the  scattered  distribution  of  living  and  dead 
fire-killed  mountain-mahogany  in  lower  left  quarter  of  photo. 


iPhotograph  by  Timothy  O'Sullivan.   Courtesy  of  U.S.  Geological  Survey,  Denver,  Colo. 


'igure  2b. —Photo  taken  July  31,  1982.   The  absence  of  fire  since  the  1840's  or  earlier  has  allowed 
tiountain-mahogany  and  other  woody  vegetation  to  increase.   Charred  material  in  mahoganies  verified  loss  of 
nahogany  to  fire  before  1868. 

'hotograph  by  G.  E.  Gruell. 
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Figure  3a. — Looking  north  from  a  point  adjacent  to  county  road  in  southeast  quarter  of  City  of  Rocks,  Idah 
(elevation  6,400  ft).   Woody  plants  include  slngleleaf  pinyon  pine  (Pinus  monophylla) ,    Utah  juniper 
(Juniperus  osteosperma) ,    and  mountain-mahogany.   Note  the  dead  branches  in  foreground  and  absence  of  large 
woody  plants  in  the  smaller  openings  between  rocks. 

Photograph  by  Timothy  O'Sullivan.   Courtesy  of  U.S.  Geological  Survey,  Denver,  Colo. 


Figure  3b. — Photo  taken  August  20,  1983.   Absence  of  fire  over  100  years  has  allowed  woody  plants  to 
proliferate.   Sagebrush  has  increased  in  opening  at  left  and  on  flats  at  right.   Mountain-mahogany  mixed 
with  pinyon  pine  and  juniper  have  invaded  the  deeper  soils  in  openings.   Sometime  after  1872,  a  fire  swep 
the  upper  slopes  on  distant  mountain  on  right. 

Photograph  by  G.  E.  Gruell. 
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'igure  Aa. — Photo  taken  in  1871.   Camera  faces  south-southeast  from  position  on  west  bank  of  Madison  River 
lear  present  day  Highway  84  crossing  at  Beartrap  Recreation  area  (elevation  8,500  ft).   Distant  slopes 
support  Douglas-fir  (Pseudotsuga  menziesii) ,    limber  pine  {Finns  flexilis) ,    Rocky  Mountain  juniper 
[Juniperus   scopulonm)  ,    and  mountain-mahogany. 

'hotograph  by  W.  H.  'Jackson.   Courtesy  of  U.S.  Geological  Survey,  Denver,  Colo. 


Igure  Ab. — Photo  taken  August  31,  1982.  Douglas-fir  was  cut  after  original  photo  was  taken.   Fire-scarred 

tumps  indicate  fires  had  occurred  every  few  decades  before  settlement.   Removal  of  conifers  and  absence  of 

Ire  allowed  great  increase  in  mahogany.  Note  distant  slopes  above  bridge. 

notograph  by  G.  E.  Gruell. 


63 


1.  Minimum  density  of  10  mature  mahogany  per 
acre  (25  per  hectare)  (in  the  case  of  recently 
burned  stands  the  preburn  density  had  to  exceed  10 
plants  per  acre) . 

2.  A  minimum  stand  diameter  of  164  ft  (50 
m). 

3.  Reasonable  accessibility. 

Stands  meeting  these  criteria  were  identified 
during  a  prestudy  reconnaissance.   A  random  sample 
of  these  stands  was  then  selected  using  a  random 
number  table. 

Fire-scarred  cross  sections  were  collected  from 
all  stands  in  which  scarred  mahogany  occurred. 
These  data  aided  in  interpreting  the  role  of  fire 
in  sampled  communities.   Stands  burned  on  a  known 
date  or  with  a  known  history  of  other  types  of 
disturbance  such  as  logging  were  chosen  for 
sampling. 

In  each  stand,  the  center  points  for  four  azimuths 
were  randomly  determined.   Along  each  azimuth,  a 
13-  by  66-ft  (4-  by  20-m)  belt  transect  was  used 
to  measure  the  density  of  mahogany.   The  stem 
diameter  near  ground  level  was  recorded.   Where 
stands  were  dense,  the  belt  transect  was  reduced 
to  a  width  of  3.28  ft  (1  m) . 

The  age-diameter  relationship  for  each  stand  was 
determined  by  randomly  selecting  8  to  15  mahogany 
plants  representing  the  size  classes  present. 
Height,  maximum  crown  spread,  and  basal  diameter 
of  the  plant  were  recorded,  and  a  cross-section  at 
the  base  was  then  collected.   In  the  laboratory, 
cross-sections  were  sanded  and  annual  growth  rings 
counted  with  the  use  of  a  10-  to  50-power 
dissecting  microscope.   Ring  counts  were  not 
considered  precise  because  of  the  likelihood  of 
false  or  missing  rings.   Data  from  307  cross- 
sections  were  used  in  regression  analysis  to 
develop  a  model  to  estimate  the  age  of  mahogany. 

Litter  depth  and  seedling  density  were  measured 
within  a  3.28-  by  66-ft  (1-  by  20-m)  belt  transect 
along  each  of  the  azimuths. 

Cover  of  trees,  mahogany,  shrubs,  perennial 
grasses,  perennial  forbs,  annuals,  and  bare  ground 
were  estimated  on  circular  plots  with  a  radius  of 
3.28  ft  (1  m) .   Five  plots  were  located  along  each 
of  the  random  azimuths  at  16  ft  (5  m)  intervals. 
Mahogany  canopy  cover  was  also  estimated  by  line 
intercept  along  the  transect  lines. 

Additional  site  data  collected  on  each  stand 
included  elevation,  aspect,  slope,  vegetational 
competition,  habitat  type,  surface  soil  texture, 
parent  material,  and  time  since  last  fire  if 
known. 


RESULTS 

Age  Determination 

Results  of  the  regression  analysis  indicated  that 
basal  diameter  was  the  best  single  variable  to 
estimate  mahogany  age. 


The  regression  equation  is  as  follows: 

Y  =  11.66  +  5.90X  i 
where : 

Y  =  age  (number  of  growth  rings)  of  mahogany 
(years) . 

X  =  basal  diameter  (centimeters). 

2 
The  coefficient  of  determination  (r  )  for  this 

equation  was  0.75.   Additional  variables  were 

included,  and  the  sample  was  partitioned  by  such 

factors  as  habitat  type  and  aspect  in  further 

regression  analysis;  however,  the  r  Improved  only 

slightly.   Consequently,  the  simpler  regression 

equation  was  used  to  predict  age. 


Stand  Age  And  Structure 

! 

Forty-one  mahogany  stands  in  13  habitat  types  were 
sampled  (table  1).   Stands  were  grouped  into  five 
categories  by  potential  climax  association  and 
stand  structure  as  follows: 

Category  1.  Mahogany  is  the  potential  climax. 
Stands  are  comprised  of  all  age  classes  dating 
from  pre-1830. 

Category  2.   Mahogany  is  the  potential  climax. 
Stands  are  almost  entirely  comprised  of  post-1900 
age  classes. 

Category  3.   Mahogany  is  serai.   Conifers  are 
present  but  scattered  and  not  yet  competitive. 

Category  4.   Mahogany  is  serai  and  is  being 
replaced  by  conifers. 

Category  5.   Mahogany  communities  arising  after 
post-1900  disturbances. 


Analysis  of  stand  age  (cat 
great  increase  in  mahogany 
150  years  (table  2).   Afte 
Increase  accelerated  (fig. 
inflated  because  11  of  the 
almost  entirely  comprised 
most  noteworthy  aspect  of 
that  only  1  percent  of  the 
stands  was  present  before 
the  1980' s  sampling  provid 
picture  of  the  pre-1830  st 
little  evidence  of  plant  1 


egories  1  to  4)  showed  . 

density  during  the  pas 
r  1940,  the  rate  of 

5) .   This  rate  is 

36  stands  sampled  were 
of  young  plants.   The 
the  data  in  figure  5  is 

mahoganies  in  1970 
1830.   We  concluded  tha, 
ed  a  reasonably  accural 
and  because  there  was 
osses  after  1830. 


Separate  analysis  of  the  five  categories  revealed 
differences  in  stand  development.  Stand  data  wer 
graphed  to  display  changes  in  density  over  time. 

Category  1  (All  Aged  Potential  Climax  Mahogany) 

Historically,  category  1  stands  were  protected 
from  fire  by  rock  outcrops  or  by  discontinuous 
fuels.   In  1855,  some  stands  were  lightly  stocked 
(13  stems/acre;  31/ha)  ,  and  a  few  stands  were 
well  stocked  (203  to  329  stems/acre;  501  to 
813/ha).   Most  stands  regenerated  after  1855. 
The  rate  of  regeneration  seems  to  have  been 
strongly  influenced  by  canopy  coverage  and 
competition  from  other  plants.   Closed  canopy 
stands,  such  as  Mountain  City  2  (fig,  6),  which 
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Table  1. — Characteristics  of  potential  climax  and  serai  mahogany  stands  In  the  five  State 
study  area 

Habitat    Parent  Average     Evidence  of 

Stand  type     material^   Aspect   Elevation   Slope   Cele  cover   past  fires^ 


Feet 

Percent 

Category  1  (a 

11  aged  potential 

climax  mahogany) 

Riggins  1 

Cele/Agsp 

L 

SSE 

3,100 

70 

20 

P 

Riggins  2 

Cele/Agsp 

L 

W 

2,300 

55 

14 

C 

Riggins  4 

Cele/Agsp 

B 

SW 

2,200 

32 

31 

C 

Challis  3 

Cele/Agsp 

L 

SSW 

7,000 

33 

18 

P 

Bruneau  1 

Artrva/Syor/ 
Feid 

B 

SE 

6,000 

5 

50 

P 

Bruneau  2 

Artrva/Syor/ 
Feid 

B 

N 

6,100 

8 

15 

P 

Mountain 

Artva/Syor/ 

City  2 

Feid 

B 

WNW 

6,500 

7 

49 

N 

Jarbridge  2^ 

Cele/Syor/ 
Feid 

R 

W 

7,600 

46 

69 

P 

Sawtooth  1 

Artva/Syor/ 
Feid 

B 

N 

7,200 

8 

50 

N 

Bridger- 

Cele/Artva/ 

Teton  1 

Feid 

S 

W 

7,800 

35 

29 

P 

Bridger- 

Cele/Artva/ 

Teton  2 

Feid 

S 

W 

7,500 

33 

18 

P 

Ironrod  1 

Cele/Agsp 

G 

w 

6.200 

26 

38 

N 

Category  2  (young  stands;  mahogany  potential  climax) 


Riggins  3 

Cele/Agsp 

L 

Challis  4 

Artrva/Syor/ 
Feid 

L 

Soda  2 

Juos/Cele/ 
Agsp 

L 

Bannock  1 

Cele/Agsp 

G 

Bannock  2 

Pifl/Cele/ 
Agsp 

G 

Melrose  1 

Cele/Agsp 

L 

Melrose  2 

Cele/Agsp 

L 

Threeforks  1 

Pifl/Cele/ 
Agsp 

L 

Threeforks  2 

Pifl/Cele/ 
Agsp 

L 

S  3,200  33  1  P 

ENE  7,500  47  55  P 

E  6,200  63  4  P 

SW  6,200  47  23  N 

WSW  7,000  43  30  C 

SW  6,300  32  11  N 

WSW  6,300  18  16  N 

NW  4,800  23  45  N 

NW  4,800  25  25  N 


Category  3  (serai  mahogany  with  scattered  conifers) 

SW  4,500  62  18  P 

S  4,600  62  21  P 

W  7,500  42  24  P 

NE  7,500  50  57  P 

■  W  8,200  58  12  P 

NW  7,100  14  59  N 

SE  8,000  26  31  N 

S  6,200  39  40  N 

SW  6,300  51  19  P 

SSE  7,200  52  57  P 

See  footnote  at  end  of  table.  continued 


Salmon  1 

Pipo/Feld 

G 

Salmon  3 

Psme/Cele 

G/L 

Leadore 

Pifl/Cele 

L 

Challis  5 

Psme/Cele 

L 

Jarbridge  1 

Abla^ 

G 

Sawtooth  2 

Abla^ 

B 

Sawtooth  3 

Pimo/Artrva/ 
Agsp^ 

L 

Soda  1 

Juos/Cele/ 
Agsp^ 

L 

Targhee  3 

Psme/Syor 

L 

Targhee  4 

Pifl/Syor 

L 
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Table  1.  —  (continued) 


Stand 


Habitat    Parent  Average     Evidence  of 

type     material^   Aspect   Elevation   Slope   Cele  cover   past  fires^ 


Feet- 
Category  4  (serai  mahogany  with  competitive  conifers) 


Percent- 


Sawtooth  4 

Pimo/Artrva/ 
Agsp^ 

L 

S 

7,500 

35 

8 

Challis  1 

Psme/Cele 

L 

N 

8,000 

5 

34 

Targhee  2 

Psme/Syor 

L 

S 

6,500 

50 

20 

Greer  Gulch 

Psme/Cele 

G 

wsw 

5,000 

38 

28 

Category  5  (disturbed  mahogany  stands) 

Mtn.  City  1    Artrva/       B        SW      6,500        20        6 

Syor/Feid 
Targhee  1      Psme/Syor     L         W      6,300        64        1 


Challis  2 

Cele/Agsp 

L 

SSW 

7,000 

35 

1 

Salmon  2 

Psme/Cele 

G 

W 

4,800 

64 

37 

Challis  6 

Psme/Cele 

L 

NE 

8,000 

5 

2 

Soda  3"* 

Juos/Cele/ 

L 

SE 

6,200 

46 

20 

Agsp- 


Burned  October 
1975 

Burned  1966. 
Seeded  to  grass 
after  fire 
Burned  1934.  Very 
slow  regeneration. 
Last  burned  in  1919. 
Timber  harvested. 
Slash  was  piled 
and  burned. 
Juniper  had  been 
cut  for  posts. 


^B  =  basaltic;  G  =  granitic;  L  =  limestone;  R  =  ryolite;  S  =  sandstone. 

^P  =  fire  evidence  present;  C  =  circumstantial  evidence  present;  N  =  no  evidence  of 
past  fires. 

^Sapling  sized  Abla  establishing  in  former  Cele  stand. 

'*Post-cutting  estimated  to  have  occurred  30  to  50  years  ago. 

^This  vegetation  has  not  been  adequately  habitat  typed  in  this  region,  consequently 
this  designation  has  been  tentatively  applied  by  the  authors. 


Table  2. — Summary  of  number  mahogany  stems  per  acre  (stand  density)  by  period  of 
establishment  for  all  stands  except  disturbance  stands  in  category  5 


Period  of 

establis 

hment 

Before 

1831- 

1856- 

1901- 

1901- 

1921- 

1941- 

1961 

1830 

1855 

1900 

1920 

1940 

1950 

1960 

1970 

Statistic^ 

Median 

0 

26 

26 

51 

76 

51 

51 

51 

High 

89 

253 

177 

405 

759 

2277 

3138 

4200 

Low 

0 

0 

0 

0 

0 

0 

0 

0 

Median  data  were  used  in  place  of  mean  because  extraordinary  high 
values  reflective  of  young  stands  in  category  2  tended  to  skew  the  mean 
unreastically  high  as  an  (average). 
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igure  5. — Mountain  mahogany  densities  in 

;ategory  1-4  stands  from  1830  to  1970. 

'ercentage  values  for  dates  of  record  were 
alculated  by  dividing  the  number  of  stems  per 
ecord  date  by  the  total  number  of  stems  in  1970. 

■fter  1830  percentage  values  are  accumulative. 

egenerated  mostly  after  1900,  show  a  significant 
ecline  in  regeneration  since  1940.   Shading, 
itter  accumulation,  and  lack  of  bare  soil 
pparently  reduced  the  opportunity  for  seedling 
stablishment .   Foraging  on  seedlings  by  domestic 
livestock,  deer,  rabbits,  and  rodents  may  also  be 
'Inhibiting  regeneration.   Stands  with  more  open 
:anopies  and  exposed  bare  soil  such  as  Bruneau  2 
ave  been  regenerating  at  a  sustained  rate  (fig. 
).   Less  open  stands  (B-T-1)  continued  to 
egenerate  but  at  a  slower  rate;  whereas  others 
Challis  3)  have  had  a  substantial  increase  in 
egeneration  during  the  past  30  years  (fig.  7). 
ccelerated  rates  of  regeneration  in  recent 
ecades  seem  to  be  strongly  influenced  by  stands 
eaching  a  critical  reproductive  age.   When  this 
oint  is  reached,  seed  is  dropped  and 
egeneration  establishment  takes  place  on  suitable 
icrosites . 

ategory  2  (Young  Stands;  Mahogany  Potential 
limax) 

ihese  stands  occur  typically  on  deep  soils  that 
jistorically  have  had  grass  cover.   Except  for 
annock  2  (table  1),  past  fires  were  not  evident, 
e  believe  that  surface  fires  were  once  frequent 
,nd  completely  consumed  the  light  fuels,  thus 
Preventing  the  establishment  of  mahogany. 

ome  stands  became  established  between  1900  and 
920,  and  regeneration  accelerated  after  1940 
fig.  8).   Since  about  1960,  however,  the  rate  of 
egeneration  has  sharply  declined.   Other  stands, 
uch  as  Threeforks  1  (fig.  9) ,  did  not  become 
stablished  until  about  1940.   This  stand  has  been 
egenerating  rapidly  in  recent  decades. 
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Figure  6. — Potential  climax  stands  showing 
contrasts  in  reproduction.   Mountain  City  2 
regenerated  at  an  accelerated  rate  through  about 
1940  and  then  declined  sharply.   Bruneau  2  shows 
a  lower  rate  of  regeneration  with  an  upturn  since 
1960. 
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Figure  7. — Examples  of  potential  climax  stands 
that  show  differences  in  rates  of  regneration. 
Bridger-Teton  1  is  an  old  stand  that  continues  to 
regenerate  at  a  low  level.   In  contrast,  Challis 
3  shows  accelerated  regeneration  during  the  past 
30  years. 
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Figure  8. — Example  of  a  potential  climax  stand  in 
category  2  that  regenerated  on  a  site  that  was 
not  occupied  by  mahogany  prior  to  about  1920. 
Sharp  decline  in  regeneration  seems  to  be  result 
of  the  site  becoming  fully  stocked. 
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re  9.- — Example  of  a  potential  climax  stand 
did  not  become  established  until  about  1940. 


Category  3  (Serai  Mahogany  With  Scattered 
Conifers) 


These  stands  are  structurally  simi 
1  except  that  mahogany  is  serai, 
short  fire  Intervals  (mean  interva 
30  years) ,  fire  suppressed  conifer 
mahogany  confined  to  rock  outcrops 
sparse  fuels  did  not  allow  fire  to 
evidence  suggests  that  when  woody 
accumulated  and  burning  conditions 
fires  killed  portions  of  mahogany 
In  more  moist  communities,  such  as 


lar  to  category 
In  regions  of 
Is  less  than 
s  and  kept  the 

or  sites  where 

carry.   Visual 
fuels  had 

were  extreme, 
stands  (fig.  2) . 

the  Targhee  3 


and  4  stands  (table  I),  infrequent  severe  fires 
killed  conifers  and  mahogany  over  large  areas. 

Sawtooth  2  (fig.  10)  is  indicative  of  many  stands 
having  had  a  sustained  increase  in  regeneration 
over  the  past  150  years.   Most  of  the  regeneration 
occurred  after  1940.   In  contrast,  other  stands 
have  had  a  marked  reduction  in  regeneration. 
Regeneration  on  Targhee  3  (fig.  10)  has  declined 
markedly  since  1920.   Failure  of  some  stands  to 
regenerate  seems  to  be  influenced  by  closure  of 
mahogany  canopies  and  a  marked  reduction  in 
conditions  favorable  for  seedling  establishment. 
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Figure  10. — Examples  of  serai  mahogany  stands  in 
category  3  where  conifers  are  not  competitive. 
Sawtooth  2  shows  accelerated  regeneration  after 
1940,  while  regeneration  on  Targhee  3  has  been  on 
the  decline  or  absent  since  1920. 

The  trend  in  these  stands  has  been  a  long-term 
increase  in  numbers  of  plants.   During  the  past 
several  decades,  some  stands  have  had  increased 
regeneration;  in  others  regeneration  has  subsided. 
Stands  that  contain  old  plants  will  become 
increasingly  susceptible  to  fatal  attacks  by 
Insects  such  as  those  described  by  Furniss  and 
Barr  (1975).   Losses  to  insects  and  closure  of 
conifer  canopies  will  conceivably  result  in 
large-scale  loss  of  mahogany. 

Category  4  (Serai  Mahogany  With  Competitive 
Conifers) 

Many  mahogany  stands  fall  in  this  category; 
however,  few  met  our  criteria  because  the  density 
of  mahogany  was  too  low  to  be  included  in  the 
sampling.   These  stands  vary  most  in  age  and  stand 
structure.   They  frequently  exhibit  wide 
differences  in  the  success  of  regeneration.   For 
example,  Targhee  2  had  not  regenerated 
successfully  (except  the  1970  age  group)  since 
about  1900  (fig.  11).   In  contrast,  Greer  Gulch 
(fig.  11)  is  almost  entirely  comprised  of  plants 
that  regenerated  post-1900.   This  stand  is 
comparable  to  category  2  stands  except  for  the 
presence  of  many  conifers. 
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igure  11. — Examples  of  differences  in 
egeneration  in  mahogany  stands  in  category  4 
here  conifers  are  competitive.   Targhee  2  shows 
irtually  no  regeneration  in  an  established  stand 
f  conifers  since  about  1900.   In  contrast,  the 
reer  Gulch  stand  essentially  regenerated  since 
900  and  at  a  much  higher  level  in  a  developing 
Dnifer  stand. 

.ahogany  in  category  4  stands  is  being  displaced 
V  conifers.   The  level  of  competition  varies  from 
:attered  conifers,  beneath  which  are  mahoganies 
1  low  vigor,  to  closure  of  conifer  crowns  and 
lole-scale  loss  of  mahogany.   Without 
Lsturbance,  the  long-term  prognosis  for  category 
stands  is  replacement  of  mahogany  by  conifers. 

itegory  5  (Disturbed  Mahogany  Stands) 

:ands  in  this  category  were  selected  to  determine 
le  success  of  mahogany  regeneration  after 
Lsturbance.   The  time  required  for  seedling 
itablishment  varied  considerably.   The  Mountain 
i.ty  1  stand  (table  1)  regenerated  from  seed 
)llowing  an  October  21,  1975,  fire  that 
)mpletely  destroyed  the  parent  stand.   Over  4,000 
;edlings  per  acre  older  than  3  years  were  tallied 
1  1982.   Initial  germination  was  from  seeds  of 
le  1975  crop  that  apparently  had  fallen  to  the 
"ound  or  from  seed  banks  stored  in  the  litter, 
le  likelihood  of  this  quantity  of  seed  having 
^en  transported  from  off-site  sources  is  remote, 
mediate  seedling  establishment  following  fire 
IS  also  measured  at  the  Targhee  2  site  (table  1). 
her  examples  of  successful  seedling 
r.tabllshment  following  fire  were  noted.   Only  2 
;rcent  of  the  Mountain  City  1  and  4  percent  of 
le  Targhee  1  stands  regenerated  from  sprouting, 
ilch  was  confined  to  plants  between  20  and  30 
ars  old. 

asurement  of  the  Challis  2  site  revealed  delayed 
generation  within  the  1934  Pats  Creek  burn.   The 


preburn  stand  was  of  low  density,  and  the  stand 
did  not  regenerate  until  about  30  years  after  the 
fire.   All  parent  trees  except  those  on  outlying 
ridges  and  in  rock  outcrops  were  killed  by  a 
severe  summer  wildfire  that  apparently  destroyed 
the  on-site  seed  source.   Subsequent  failure  of 
seedling  establishment  may  have  resulted  from 
limited  seed  dispersal  and  the  warm  south- 
southwest  aspect,  where  temperatures  were 
excessively  hot  for  seedling  survival.   Shading 
from  sagebrush  and  other  ground  cover  in  later 
years  may  have  provided  suitable  mlcrosites  for 
seedling  germination.   Initially,  seed  dispersal 
from  off-site  locations  was  apparently  inadequate; 
however,  scattered  mahogany  seedlings  eventually 
established  themselves.   As  on-site  mahogany 
regeneration  reached  seed-bearing  age,  the  rate  of 
regeneration  increased  dramatically. 

Immediate  establishment  of  mahogany  following 
cutting  was  recorded  on  two  sites.   A  selection 
cut  in  dense  Douglas-fir  (Salmon  2,  table  1)  that 
contained  scattered  old-growth  mahogany  resulted 
In  establishment  of  many  mahogany  seedlings. 
Vigorous  seedlings  were  observed  growing  where  the 
slash  had  been  piled  and  burned.   Before  the 
timber  harvest,  mahogany  had  not  regenerated 
successfully  since  1900.   Sampling  at  the  Soda  3 
site  (table  1)  also  documented  accelerated 
mahogany  regeneration  following  the  cutting  of 
juniper  for  posts  and  poles. 

Sampling  in  disturbed  stands  that  were  logged  or 
burned  indicated  that  a  reduction  in  competition 
and  an  increase  in  exposed  mineral  soil  enhanced 
successful  seedling  establishment.   Observations 
of  other  logged  and  burned  mahogany  stands  that 
were  not  sampled  suggested  comparable  relation- 
ships.  Quantitative  data  from  this  study  showed 
that  successful  seedling  establishment  was  closely 
linked  to  condition  of  the  soil  surface.   Most 
seedlings  were  found  on  exposed  mineral  soil.   No 
seedlings  over  2  years  old  were  found  where  litter 
exceeded  0.25  Inches  (6  mm)  in  depth. 


Regeneration  fol 
greatly  dependln 
availability  of 
stands  kill  most 
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survive  because 
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lowing  disturbance  can  vary 

g  on  intensity  of  treatment  and 

seed  crop.   Fires  in  very  small 

mahogany,  thus  removing  the  seed 
e  stands,  however,  many  plants 
of  discontinuous  fuels.   This 
eatment  allows  seeds  to  disperse 
lants  into  openings,  thus 
robability  of  successful  seedling 


MANAGEMENT  IMPLICATIONS 

Our  data  and  observations  show  the  desirability  of 
excluding  fire  from  many  communities,  especially 
sites  where  mahogany  Is  the  potential  climax  and 
where  stands  are  50  years  of  age  or  less.   Burning 
would  cause  marked  retrogression  in  these 
communities.   There  are,  however,  many  low-vigor 
mahogany  communities  that  would  respond  positively 
to  fire. 
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Following  are  some  considerations  that  may  prove 
helpful  in  determining  where  it  would  be 
desirable  to  exclude  fire  and  where  there  is  a 
solid  ecological  rationale  for  using  prescribed 
fire . 

Potential  Climax  Mahogany  Stands. — Vigorous  stands 
are  not  candidates  for  prescribed  fire.   Many  of 
these  stands  are  young,  having  regenerated  since 
1920.   Prescribed  fire  is  also  not  recommended  in 
stands  with  woody  fuels  such  as  sagebrush  where 
mahogany  is  scattered  or  in  stands  of  0.5  acre 
(0.20  ha)  or  less. 

Prescribed  fire  can  benefit  old  mahogany  stands 
that  support  sufficient  fuels  to  carry  fire.   The 
best  opportunities  include  localities  where  rocky 
outcrops  and  sparse  fuels  allow  mahogany  to 
survive  as  scattered  individuals  and  in  clumps. 
The  chances  of  mahogany  surviving  and  serving  as 
cover  and  a  seed  source  for  immediate  mahogany 
regeneration  are  enhanced  as  the  burn  becomes 
larger.   A  fall  prescription  including  several 
thousand  acres  of  burned  and  unburned  areas  would 
be  ideal,  especially  where  mahogany  is  associated 
with  woody,  crown-sprouting  shrubs  and  trees. 


probability  of  successful  regeneration  provided 
grazing  impacts  are  not  excessive. 

Fire  management  plans  that  include  unscheduled 
(lightning  or  human)  ignitions  can  be  a  useful 
tool  in  future  management  of  mahogany.   It  is 
particularly  apparent  that  there  Is  little  or  no 
rationale  for  suppressing  wildfires  in  localities 
where  mahogany  Is  being  outcompeted  by  conifers. 
Prolonged  fire  suppression  will  continue  to 
reduce  the  numbers  of  seed-  producing  plants  and 
thus  will  markedly  reduce  recovery  potential 
following  a  hot  wildfire. 

Prescribed  fire  to  enhance  the  condition  of 
mahogany  should  be  considered  on  a  case-by-case 
basis.  Applying  prescribed  fire  through  planned 
or  unscheduled  ignitions  has  a  place  in  mahogany 
management.  We  suggest  that  managers  responsible 
for  ecosystems  that  include  mahogany  strongly 
consider  the  consequences  of  continually 
protecting  declining  stands.  The  future  viabllit 
of  this  important  plant  will  depend  on  whether  we 
take  the  short-term  approach  of  protection  or  the: 
long-term  view  that  recognizes  disturbance  as 
essential  in  promoting  productive  mahogany  stands; 


Serai  Mahogany  Stands. — Prescribed  fire  is  most 
likely  to  improve  mahogany  productivity  in  serai 
mahogany  stands.   The  higher  priorities  are  in 
category  4  stands,  where  conifers  are  competitive 
and  mahoganies  have  not  been  reproducing  for  many 
decades.   The  objective  of  burning  would  be  to 
kill  competing  conifers,  remove  other  plant 
competition,  and  promote  conditions  conducive  to 
seedling  establishment. 

The  size  of  the  burn  would  depend  upon  type  of 
terrain,  fuels,  and  the  abundance  of  mahogany.   In 
most  instances  a  burn  of  several  hundred  acres 
would  be  advisable  to  avoid  excessive  browsing  of 
seedlings  by  wild  ungulates  and  livestock.   In 
remote  regions  where  wildlife  values  and  livestock 
grazing  are  primary  considerations,  there  are 
opportunities  to  use  fall  burning  prescriptions 
and  natural  features  of  the  terrain  to  execute 
prescribed  burns  of  several  thousand  acres.   These 
burns  would  result  in  differential  burning  by 
removing  groups  of  mahogany  where  woody  fuels  were 
plentiful  and  leaving  mahogany  unharmed  where 
woody  fuels  were  sparse.   Our  observations  suggest 
that  mahogany  stands  will  not  carry  fire  unless 
there  are  sufficient  surface  fuels.   Large 
treelike  stands  supporting  grassy  fuels  and 
minimal  litter  usually  survive  the  fire. 

In  some  areas,  old-growth  mahogany  is  associated 
with  patches  of  commercial-sized  saw  timber.   In 
this  circumstance,  there  is  an  opportunity  to 
encourage  new  mahogany  plants  by  making  small 
block  cuts  of  0.50  to  2  acres  (1.23  to  1.94  ha). 
Opening  of  the  conifer  canopy,  mechanical 
disturbance,  and  prescribed  fire  used  in  slash 
cleanup  can  provide  conditions  that  permit  seeds 
to  disseminate  on  exposed  mineral  soil  and  thus 
establish  seedlings.   Leaving  several  seed- 
producing  mahoganies  in  openings  increases  the 


SUMMARY  AND  CONCLUSIONS 

The  combined  quantitative  and  historical  evidence 
strongly  suggests  that  before  European  settlement 
fire  significantly  influenced  mahogany  in  the 
Northern  Rockies  by  restricting  stand  development 
A  reduction  of  fire  periodicity  and  size  followln, 
Euroamerican  settlement  apparently  allowed 
mahogany  seedlings  to  regenerate  far  in  excess  of 
former  levels.   The  absence  of  fire  for  long 
periods  has  resulted  in  great  variation  in 
structure  of  mahogany  stands.   Many  stands  are 
declining  because  of  losses  to  insects  and  conife 
competition.   In  other  areas,  vigorous  young 
mahogany  predominate.   These  wide  differences  in 
stand  conditions  suggest  different  management 
strategies  are  needed  at  the  local  level.   Fire 
management  strategies  may  be  used  to  manage 
mahogany  stands. 
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MANAGING  WILDLIFE  HABITAT  WITH  FIRE  IN  THE  ASPEN  ECOSYSTEM 
Norbert  V.  DeByle 


BSTRACT:   Much  of  the  nearly  7  million  acres 
2.86  million  ha)  of  aspen  in  the  western  United 
tates  is  serai  to  conifers.   Also,  most  aspen 
tands  are  old,  in  excess  of  60  years.   Proper 
reatment  of  these  aspen  forests  will  retain  the 
spen  and  can  produce  optimum  wildlife  habitat, 
ptimally,  all  age  and  size  classes  of  aspen 
lould  be  present  on  the  landscape.   Fire  is  often 
le  most  economical  and,  ecologically,  the  most 
atural  treatment  applicable  in  the  many  acres  of 
imerchantable  but  burnable  aspen  community  types 
1  the  West.   Fire  of  sufficient  severity  will 
ill  the  old  stand,  cause  profuse  aspen  root 
ackering,  and  increase  forage  production, 
irrently,  baseline  data  are  being  gathered  for 
!veloping  fire  prescriptions  and  describing  the 
lels  in  Wyoming  and  Idaho  aspen  types.   The 
-fects  of  fire  on  the  aspen  plant  community, 
specially  on  its  value  as  wildlife  habitat,  is 
[so  being  assessed. 


PRODUCTION 

1  the  interior  western  United  States  there  are 
.067,200  acres  (2  859  944  ha)  of  aspen  (Populus 
^emuloides) .      Of  this,  some  2,664,200  acres  (1 
'8  163  ha)  are  noncommercial  (Green  and  Van 
loser  1983).   In  addition,  many  millions  of  acres 
r  aspen  occur  in  the  western  provinces  of  Canada 
id  Alaska. 

-Idlife  managers  generally  agree  that  the  aspen 
irest  type  is  especially  valuable  habitat  for  a 
iriety  of  upland  species  of  birds  and  mammals, 
ith  game  and  nongame  (Gullion  1977b).   In  the 
iterior  West,  aspen  takes  on  a  particularly 
iportant  role  for  wildlife,  because  it  is  the 
;ly  upland  hardwood  tree  species  and  it 

equently  is  found  in  groves  in  the  coniferous 
•rests  or  as  isolated  stands  in  mountain 

asslands  and  shrublands.   In  the  conifers,  the 

pen  groves  may  be  the  only  source  of  abundant 
•rage;  in  the  grasslands  they  may  be  the  sole 

urce  of  cover. 

recently  reviewed  the  literature  and  contacted 
veral  sources  to  compile  a  listing  of  birds  and 
immals  that  occupy  the  aspen  type  in  the  West 
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(DeByle  in  press).   Some  134  species  of  birds  and 
55  species  of  wild  mammals  were  included.   Among 
the  game  birds,  there  are  six  species  of  ducks, 
two  forest  grouse  (blue  and  ruffed) ,  two  pigeons 
(band-tailed  and  mourning  dove) ,  the  sharp-tailed 
grouse,  and  the  wild  turkey  (Meleagris  gallopavo) . 
Among  the  larger  mammals,  there  are  moose,  elk, 
white-tailed  deer,  mule  deer,  snowshoe  hare, 
cottontail  rabbit  (Sylvilagus  nuttallii) ,   bison 
{Bison  bison) ,   raccoon  (Proayon   later')  ,   mountain 
sheep  (Ovis  canadensis) ,   mountain  lion  (Felis 
aonoolor) ,   black  and  grizzly  bears  (Ursus 
amerieanus  and  U.    arctos)  ,   and  several  furbearers. 

Aspen  is  a  serai  forest  type  on  the  majority  of 
sites.   It  is  a  relatively  short-lived  tree  (about 
100  to  125  years  in  the  West)  that  readily  gives 
way  to  longer  lived  and  more  shade-tolerant 
conifers.  If  a  conifer  seed  source  is  present,  the 
typical  aspen  stand  responds  approximately  as 
shown  in  the  model  developed  by  Bartos  and  others 
(1983).   Herb  biomass  peaks  first,  then  shrubs 
(fig.  1).   As  long  as  aspen  dominates,  there  is  a 
large  herbaceous  or  shrub  biomass  in  the  under- 
story,  but  as  conifers  take  over,  this  source  of 
forage  and  low  cover  largely  is  lost. 

Most  of  our  western  aspen  stands  have  reached 
maturity  because  they  have  been  protected  from 
wildfire  and  have  not  been  marketable  for  most  of 
this  century.   In  a  Colorado  survey,  Shepperd 
(1981)  measured  an  average  age  of  80  years,  with 
stands  younger  than  50  years  difficult  to  find. 
Single-aged  stands  predominated,  but  two-aged  and 
all-aged  stands  were  frequently  found. 

Treatments  are  needed  to  retain  aspen  on  sites 
where  it  is  serai.   And,  whether  serai  or  not, 
treatments  are  needed  if  we  wish  to  have  a  variety 
of  aspen  age  and  size  classes  represented  on  the 
landscape.   In  the  natural  setting,  wildfire 
probably  was  the  most  common  cause  of  widespread 
even-aged  regeneration,  although  insect  and  disease 
outbreaks  may  have  played  a  role,  too.   In  the 
managed  forest,  clearcutt ing ,  herbicides,  or 
prescribed  fire  may  be  used  to  effectively  treat 
aspen  stands  by  killing  the  overstory  and 
triggering  abundant  aspen  regeneration. 

Aspen  regenerates  by  producing  root  suckers  in 
large  numbers  after  the  parent  tree  is  top-killed. 
Such  vegetative  reproduction  over  several  gener- 
ations has  produced  a  mosaic  of  aspen  clones 
(groups  of  genetically  identical  stems)  on  the 
landscape  (Barnes  1966).   In  the  West,  regeneration 
by  seed  is  rare  because  a  continuously  moist, 
mineral  soil  seedbed  is  required  throughout  the 
first  growing  season  (McDonough  1979). 
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Figure  1. — Expected  biomass  of  four  vegetation 
components  through  time  after  a  severe  fire  in 
aspen  on  a  typical  mesic  site  in  the  West.   A 
conifer  seed  source  is  assumed.   (From  Bartos  and 
others  1983,  fig.  29a,  p.  27.) 


Sudden  top-killing  of  an  aspen  stand  upsets  the 
hormone  balance  in  the  roots.   Auxins,  produced  in 
tree  crowns,  are  no  longer  supplied,  and  cytoki- 
nens,  produced  in  roots,  are  no  longer  moved  into 
the  crowns.   The  lack  of  auxins,  an  increase  in 
cytokinens,  and  warmer  soil  temperatures  help 
stimulate  abundant  sucker  production  from  roots 
near  the  soil  surface  (Schier  1981a,  1981b).   If, 
say,  the  parent  stand  consisted  of  200  stems  per 
acre  (494/ha),  by  the  end  of  the  second  growing 
season  after  fire  or  clearcutt ing,  there  often 
will  be  some  40,000  suckers  per  acre  (98  842/ha) . 
Suckering  response  varies  widely,  due  to  genetic 
and  site  factors  as  well  as  the  density  of  aspen 
roots  near  the  soil  surface.  A  good  rule  of  thumb 
is  10,000  suckers  per  acre  (24  710/ha)  will 
produce  a  satisfactory  forest  stand — if  roundwood 
products  are  being  grown  on  the  site. 

The  concern  that  high  densities  of  young  aspen 
will  produce  a  stagnated  stand  is  not  justified 
because  aspen  is  self-thinning.   Disease,  insects, 
browsing  animals,  snow  breakage,  and  shading  of 
these  intolerant  aspen  suckers  all  take  their 
toll.   By  maturity,  a  stand  of  200  stems  per  acre 
(494/ha)  again  might  be  expected.   During  the  70- 
to  100-year  interim,  from  a  dense  stand  of  young 
suckers  to  a  mature  stand  of  aspen  trees,  a 
progression  of  habitats  will  have  been  made 
available  for  a  variety  of  wildlife  species. 


There  are  many  references  in  the  literature  about 
the  effects  of  fire,  usually  wildfire,  on  aspen 
regeneration.   There  are  far  fewer  on  the  effects 
on  wildlife  populations,  and  many  of  these  are 
somewhat  speculative.   Usually  the  effects  on 
plant  communities  are  measured  and  the  effects  or 
associated  wildlife  are  inferred. 

Scotter  (1972)  points  out  that  fire  is  at  least 
partly  responsible  for  maintaining  extensive 
stands  of  aspen  and  other  serai  species  in  the 
boreal  forest  region  but  that  the  influence  of 
fire  on  the  animals  cannot  be  easily 
evaluated — some  members  are  benefited  while  othe 
are  disadvantaged.   For  optimum  elk  or  moose 
habitat,  both  Gruell  and  Loope  (1974)  and  Spence 
and  Hakala  (1964)  describe  the  benefits  of  fire 
the  aspen  type.   In  the  North,  both  Lutz  (1956) 
and  Viereck  (1973)  feel  that  fire  may  be 
deleterious  on  caribou  {Rangifer  tarandus)    wintei 
range  because  fire  destroys  lichens;  on  the  other 
hand,  it  benefits  moose  and  snowshoe  hares  becaut 
they  depend  upon  the  successional  plant 
communities,  notably  aspen,  that  are  produced 
Much  further  south,  Patton  and  Avant  (1970)  found 
that  fire  is  an  effective  tool  for  producing  deei 
and  elk  browse  in  the  mixed  aspen-conifer  forests 
of  New  Mexico. 

Those  animal  species  that  depend  upon  the  forage 
or  cover  produced  in  a  young  aspen  community  will 
benefit  from  fire.   They  include  some  of  the  more, 
important  (game)  species  of  wildlife — moose,  elk,j 
deer,  ruffed  grouse,  and  snowshoe  hare.   Others 
may  do  well  in  old,  sometimes  derelict,  aspen 
stands — cavity-nesting  birds  for  example.   For 
these,  fire  is  not  necessary  for  habitat 
management  if  the  aspen  on  the  site  is  stable  or 
climax.   Other  species  of  wildlife,  such  as 
red-backed  voles  (Clethrionomys  gapperi) ,  red 
squirrels  (Tamiasciurus  hudsonicus) ,   and  pine 
martens  (Mustela  americana)  ,   do  best  in  conlferoi. 
forests.   Fire  to  set  back  succession  and  retain 
aspen  will  be  deleterious  for  these  species.   If 
diversity  of  habitats  and  a  diversity  of  wildlife 
species  are  wanted,  fire  can  play  an  important 
role  in  maintaining  the  mosaic  of  plant 
communities  and  age-size  classes  within  these 
communities  on  the  overall  landscape.   If  edge  is, 
wanted,  fire  again  is  a  tool  to  provide  maximum 
edge  between  the  patches  in  this  mosaic.   Thus,  v 
must  be  specific  what  we  want  before  prescribing 
fire  or  any  other  treatment. 


The  Role  of  Fire  in  Habitat  Management  of  a  Few 
Key  Species 

Elk. — The  wapiti,  or  elk  {Cervus   eZaphus)  ,    are 
grazing  animals  that  prefer  grassland,  shrubland, 
and  recent  burns  over  the  mixed  forest  community ; 
(Rounds  1981).   They  choose  aspen  over  coniferous 
communities  in  summer  and  winter  (Ackerman  and 
others  1983),  although  conifers  may  be  used  for  ' 
hiding  (security)  and  thermal  cover  during  times 
of  harassment  or  severe  weather  (Thomas  1979). 
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Elk  prefer  grasses,  then  forbs;  as  curing  or  loss 
of   herbaceous  material  occurs,  they  use  deciduous 

"•orowse  species  first  and  coniferous  browse  last. 
\spen  is  avidly  sought  from  among  the  browse 

:!:3pecies  (Kufeld  1973;  Nelson  and  Leege  1982).   The 
aspen  suckers  themselves,  however,  will  extend 
:heir  crowns  above  the  reach  of  elk  in  6  to  8 

•"Vears  if  growing  in  the  open  and  not  browsed 
(Patton  and  Jones  1977).   In  summer,  the  combined 
;alues  of  good  forage  and  cover  in  the  aspen 
rorest  make  it  especially  valuable  to  elk;  at  this 
;ime  they  may  select  aspen  stands  over  adjacent 
:learcut  areas  that  have  even  more  palatable 

I  liorage  (Collins  and  Urness  1983). 

'o  provide  optimum  habitat  for  elk,  Thomas  (1979) 
■ecommended  that  60  percent  of  the  land  area  be 
lanaged  to  provide  forage.   Good  forage  is 
lirovided  by  the  herbaceous  and  shrubby  understory 
.n  the  aspen  as  well  as  by  aspen  suckers  less  than 
1-1/2  ft  (2  m)  tall.   Peak  production  of  this 

omponent  is  reached  within  a  few  years  after 

urning  (Bartos  and  others  1983). 

n  the  Jackson  Hole  area  of  western  Wyoming  a 
ombination  of  factors  is  causing  the  demise  of 
spen  on  big  game  winter  ranges.   Fire  protection 
as  permitted  large  areas  of  aspen  to  reach 
aturity  and  to  begin  the  successional  process 
oward  conifers  (Gruell  and  Loope  1974;  Gruell 
979),  and  concentrations  of  big  game,  especially 
Ik  near  winter  feedgrounds,  in  some  instances  are 
ating  every  sucker  that  arises  (Beetle  1979; 
einstein  1979).   If  nothing  is  done,  aspen  over 
arge  areas  will  disappear  within  a  century 
Krebill  1972).   If  protection  can  be  provided 
rem  browsing  elk  (DeByle  1979),  then  fire  can  be 
sed  to  regenerate  the  declining  aspen  stands, 
omewhat  similar  conditions  occur  in  and  near 
ocky  Mountain  National  Park  in  Colorado  (Olmstead 
979). 

Q  recent  years  fire  has  been  used  on  an 
xperimental  basis  in  the  Jackson  Hole  area 
Bartos  1979;  Bartos  and  Mueggler  1979,  1981). 
ney  found  that  understory  production  decreased  in 
le  first  postburn  year,  then  increased  to  well 
>/er  that  on  the  unburned  sites  in  the  second  and 
lird  postburn  growing  seasons.   On  one  site  in 
le  second  year  there  were  3,211  lb/acre  (3  600 
■?/ha)  produced,  about  double  that  found  before 
irning.   Most  of  this  was  fireweed  (Epilobium 
igustzfolium) — a  species  palatable  to  cattle  and 
Ik.   Production  of  aspen  suckers  was  greatly 
icreased  by  burning,  enough  to  replace  the  parent 
:and  where  browsing  pressure  is  not  too  great. 
1  the  sites  where  elk  browsing  pressure  was 
-eatest,  there  were  5,665  to  8,094  suckers  per 
:re  (14  000  to  20  000/ha)  present  in  the 
iclining  aspen  stands  before  burning;  this 
msity  nearly  doubled  in  the  second  postburn 
iar,  but  by  the  end  of  the  third  postburn  year, 
icker  densities  had  returned  to  near  preburn 
!vels  (Bartos  and  Mueggler  1979,  1981).   Even 
lough  over  1,000  acres  (405  ha)  was  burned,  elk 
■e  of  aspen  was  deterred  only  one  winter.   Elk 
'owsing  the  third  winter  averaged  44  percent  of 
irrent  annual  growth  and  eliminated  the  height 
owth  from  the  previous  summer  (Basile  1979), 


Under  current  browsing  pressures  on  heavily  used 
areas,  the  small  increase  in  sucker  numbers  after 
burning  is  not  expected  to  regenerate  these  aspen 
stands . 

Moose. — The  largest  member  of  the  deer  family,  the 
moose  (Alces  alces) ,    extensively  uses  the  aspen 
ecosystem.   They  are  primarily  browsers, 
especially  in  winter  (Peek  1974).   Forbs  are  also 
extensively  used  when  available  in  spring  and 
summer.   Usually  moose  first  select  willow 
(Saltx   spp . )  and  then  aspen  as  browse.   The 
typical  understory  forbs  and  shrubs  in  the  aspen 
type  as  well  as  young  aspen  are  favorite  moose 
forage. 

Moose  can  utilize  larger  saplings  than  can  deer  or 
elk.   Their  height  of  reach  is  8  ft  (2.4  m) ,  and 
they  will  break  down  saplings  up  to  4  inches  (10 
cm)  in  diameter  to  reach  higher  browse  (Telfer  and 
Cairns  1978). 

Moose  have  a  high  tolerance  for  cold;  they  will 
occupy  willow  bottoms  without  much  thermal  cover 
early  in  winter.   As  winter  progresses  and 
snowpacks  deepen,  however,  they  move  into  densely 
forested  uplands  with  less  snow  (Rolley  and  Keith 
1980).   Moose  in  Alberta  selected  aspen  stands 
less  than  33  ft  (10  m)  tall  as  preferred  habitat 
(Rolley  and  Keith  1980).  , In  Montana,  Gordon 
(1976)  described  ideal  upland  moose  habitat  as 
having  a  good  distribution  of  aspen  and  associated 
trees  and  shrubs  in  a  mosaic  of  age  classes. 
Conifer  patches  for  hiding  cover  also  are 
desirable,  perhaps  essential. 

In  Minnesota,  Irwin  (1975)  found  that  moose 
selected  deciduous  forest  stands,  especially 
postburn  communities  that  produce  large  amounts  of 
preferred  forage,  during  the  summer-fall  period. 
Willows  and  the  sprouts  of  aspen,  birch  (Betula 
spp.),  and  maple  (Acer   spp.)  were  the  most 
important  browse  species  used. 

Serai  aspen  being  replaced  by  conifers  in 
south-central  Montana  were  burned  to  enhance 
winter  moose  habitat  (Gordon  1976) .   Aspen  suckers 
increased  to  27,400  per  acre  (67  700/ha).   After 
the  second  growing  season  they  averaged  3  ft  (91 
cm)  tall,  and  both  they  and  willow  sprouts  could 
be  utilized.   Gordon  found  that  the  heaviest  use 
of  aspen  and  shrubs  was  adjacent  to  the  unburned 
area,  where  cover  was  quite  dense. 

From  work  done  in  Alaska  (LeResche  and  others 
1974),  Minnesota  (Irwin  1975),  Wyoming  (Gruell 
1980),  and  elsewhere  (Gullion  1977b)  it  is  evident 
that  regeneration  of  young  vigorous  stands  of 
aspen,  willow,  and  associated  shrubs,  usually 
after  fires,  improves  moose  habitat  and  results  in 
a  moose  population  increase.   After  this  browse 
grows  out  of  reach,  the  moose  population  drops. 
LeResche  and  others  (1974)  noted  that  fire-induced 
serai  communities  in  Alaska  have  the  greatest 
moose  densities. 

Deer. — Mule  and  white-tailed  deer  {Odocoileus 
hemionus  and  0.    virginianus ,    respectively)  are 
common  throughout  the  range  of  aspen  in  the  West. 
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The  mule  deer  predominates  in  the  States  with  the 
most  aspen.   Deer  herds  in  these  States  are 
migratory — they  spend  summers  at  high  elevations 
within  the  aspen  zone  and  winters  on  steppe  and 
brushlands  at  lower  elevations,  usually  below  the 
aspen.   Thus  aspen  is  largely  summer  and  fall 
range  for  deer  in  the  West.   During  these  seasons 
both  thermal  and  hiding  cover  are  abundant  in  the 
aspen  type.   Leckenby  and  others  (1982)  rated 
aspen  communities  on  the  shrub-steppe  western 
range  second  only  to  riparian  zones  in  value  to 
mule  deer.   Deer  prefer  to  feed  in  the  aspen 
forest  rather  than  in  forage-rich  clearcut 
openings,  and  they  commonly  bed  down  in  the  aspen 
forest  as  well  (Collins  and  Urness  1983). 

In  spring  and  early  summer  deer  prefer  herbaceous 
forage,  primarily  forbs.   As  these  cure,  deer 
shift  increasingly  to  browse;  by  winter  their 
diets  are  three-fourths  browse  (Kufeld  and  others 
1973).   Aspen  is  among  the  top  eight  species  of 
preferred  browse  for  mule  deer.   Hungerford  (1970) 
noted  that  aspen  sprouts  became  a  key  food  only 
after  new  growth  matured,  usually  in  July.   Upon 
leaf  fall  in  autumn,  deer  consume  large  quantities 
of  aspen  leaves  (Julander  1952).   In  addition  to 
the  aspen  itself,  deer  forage  upon  many  of  the 
common  understory  shrubs  (snowberry,  serviceberry , 
barberry,  pachistima,  chokecherry,  rose,  willow) 
and  forbs  (yarrow,  aster,  milkvetch,  fleabane, 
geranium,  peavine,  lupine,  knotweed,  cinquefoil, 
dandelion,  valerian,  vetch)  in  the  aspen  forest 
type  (Collins  1979;  Kufeld  and  others  1973). 
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Deer  on  their  summer  range  will  benefit  from 
having  plenty  of  aspen  habitat  available, 
especially  if  it  contains  an  abundance  of 
understory  forbs  and  shrubs.   Since  both  aspen 
suckers  and  the  aspen  understory  are  in  greatest 
abundance  within  a  few  years  after  burning  (Bartos 
and  others  1983),  it  appears  that  management  to 
provide  an  array  of  aspen  age  classes  on  the  range 
would  provide  the  best  overall  habitat.   The  burn 
units  should  be  of  adequate  size,  however,  to 
prevent  overbrowsing  of  the  aspen  regeneration. 
Perhaps  10-  to  40-acre  (4-  to  16-ha)  units  burned 
or  clearcut  at  intervals  of  40  to  80  years  would 
provide  optimum  deer  habitat. 

Snowshoe  hares. — Snowshoe  hares  (Lepus  ameriaanus) 
are  present  throughout  much  of  the  aspen  range  in 
the  West;   however,  they  are  more  common  in  the 


associated  coniferous  forest  types.   In  the  RockV' 
Mountains,  winter  hare  habitat  is  lacking  in  mosii 
pure  aspen  stands  due  to  deep  snowpacks.   In     ' 
northern  Utah,  Wolfe  and  others  (1982)  found  85  . 
percent  of  winter  use  by  hares  was  in  vegetation 
types  that  had  cover  densities  of  at  least  40 
percent  immediately  above  the  snowpack.   Sometim( 
aspen  with  a  very  dense  understory  of  tall  shrub: 
fits  this  criterion,  but  usually  only  conifers 
provide  this  much  winter  cover. 

During  the  summer  growing  season,  snowshoe  hares 
disperse  somewhat  from  coniferous  winter  cover 
(Wolff  1980).   The  aspen  type  then  provides 
adequate  cover  and  excellent  forage.   Aspen  is 
nutritious  and  choice  food  for  hares  (Walski  and 
Mautz  1977),  although  new  suckers  may  not  be  as 
palatable  as  twigs  on  the  mature  growth  because  i 
their  high  terpene  and  resin  contents  (Bryant 
1981).   In  Alberta,  Pease  and  others  (1979)  foun( 
aspen  to  be  among  the  six  most  common  browse 
species.   During  summer  the  hares  shift  largely 
a  diet  of  succulent  plant  material  (Wolff  1980). 
Since  the  aspen  type  has  much  more  herbaceous  ani 
shrub  cover  than  most  coniferous  types,  in  summe 
it  probably  is  the  more  desirable  habitat. 

The  aspen  type,  if  well  interspersed  with  dense 
conifer  patches,  provides  adequate  snowshoe  hare 
habitat  in  the  West.   Marginal  habitat  is  providi 
with  aspen  and  a  dense  understory  of  tall  shrubs 
if  this  understory  is  not  covered  with  deep  winti 
snowpacks.   It  is  doubtful  that  even  the  peak 
density  of  aspen  suckers  and  shrubs  on  most  aspei 
burns  or  clearcuts  in  the  West  provides  adequate 
snowshoe  hare  habitat  in  winter  (Wolfe  and  other: 
1982).   Perhaps  the  best  recommendation  for 
management  is  one  developed  in  Michigan  (Conroy 
and  others  1979)  ,  where  clearcuttings  managed  fo 
hares  were  recommended  as  small  and  shaped  so 
adequate  canopy  cover  remained  within  200  to  400 
yards  (about  200  to  400  m)  of  all  parts  of  the 
opening.   In  the  western  United  States  and 
adjacent  Canada,  perhaps  small  irregularly  shapei 
clearcuts  or  burns  and  encouragement  of  small  bu 
dense  conifer  patches  throughout  the  aspen  fores 
will  provide  maximum  snowshoe  hare  habitat  in  th^ 
aspen  type. 

Ruffed  grouse. — The  ruffed  grouse  (Bonasa  umbell.) 
has  a  wide  range  across  North  America  (Aldrich 
1963) ,  is  associated  with  hardwood  and  hardwood- 
conifer  mixed  forests,  and  is  primarily  a  bird  o 
the  aspen  and  associated  forest  types.   Gullion 
(1977a)  opined  that  there  is  an  obligatory  relat i- 
ship  between  ruffed  grouse  and  the  aspen  type 
wherever  snow  covers  the  ground  between  November 
and  April.   Aspen  is  heavily  used  as  food  and  as 
cover;  it  provides  a  highly  nutritious  food  sour 
(Gullion  and  Svoboda  1972),  protection  from  the 
weather  (Bump  and  others  1947)  ,  and  escape  from 
predation  (Gullion  and  others  1962).   Wherever 
aspen  and  grouse  ranges  overlap  in  the  West,  the 
grouse  selects  aspen  habitat  during  part  or  all 
the  year,  as  shown  by  Phillips  (1964,  1967)  and 
Landry  (1982)  in  Utah,  Stauffer  and  Peterson  (19) 
in  Idaho,  and  Rusch  and  Keith  (1971)  and  Doerr  a: 
others  (1974)  in  Alberta. 
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i  Management  for  optimum  ruffed  grouse  habitat  must 
;t  center  on  the  aspen  ecosystem  and  nearby  dense, 
brushy  vegetation.   For  Idaho  and  Utah  conditions, 
Stauffer  and  Peterson  (1982)  recommended  a 
]  diversity  of  habitat  structure  within  40-  to 

50-acre  (16-  to  20-ha)  units.   Drumming  (breeding) 
(..sites  should  have  200  to  450  trees  per  acre  (about 
1,450  to  1  100/ha)  that  provide  80  to  95  percent 
tree  cover  and  at  least  2,500  small  stems  (shrubs 
and  aspen  sprouts)  per  acre  (about  6  000/ha) . 
Hens  with  broods  prefer  50  to  75  percent  tree 
;  cover,  about  600  to  2,800  small  stems  per  acre 
(1  500  to  7  000/ha) ,  and  openings  with  abundant 
herbaceous  cover  more  than  20  inches  (about  50  cm) 
tall.   Winter  cover  should  have  large  mature  aspen 
c  for  food  and  perhaps  some  conifers  for  cover. 

For  Minnesota  conditions,  Gullion  (1977a) 
1  recommended  practices  that  maintain  heavily 

stocked,  fast-growing  aspen  stands  in  a  variety  of 
::  age  (size)  classes  within  the  daily  range  of 

grouse.   The  value  of  conifers  was  questioned 
■because  they  harbor  avian  predators.   Stauffer  and 
L  Peterson  (1982)  and  Landry  (1982)  both  emphasized 
j[  the  importance  of  a  dense  shrub  layer  in  aspen  or 
:i  nixed  aspen  stands  for  our  western  conditions. 

Even-aged  management  of  10-acre  (4-ha)  units  on 
i   rotations  of  about  60  years  perhaps  will  produce 
:i  che  best  ruffed  grouse  habitat  in  the  montane 
;West.   One  unit  should  be  treated  (burned  or 

;learcut)  every  15  years  within  each  40-  to 
•  jO-acre  block,  thus  producing  the  diversity  of 

labitat  needed  within  the  range  of  individual 
■M;rouse.   Clearcutting  units  as  small  as  10  acres 
:  Ls  the  most  feasible  treatment;  then  burning 
;  i;ithin  a  year  afterward  may  provide  the  best  brood 
labitat  (Sharp  1970).   Larger  areas  that  are  being 
;aken  over  by  conifers  may  be  burned  to  set  back 
:uccession,  then  later  put  into  the  rotation 
;ystem  of  small  10-acre  units  (Stauffer  and 
.  'eterson  1982). 

'harp-tailed  grouse. — The  sharp-tailed  grouse 
Tympanuchus  phasianellus)    in  the  parklands  aspen 
abitat  will  use  aspen  trees  in  the  winter  and 
pring,  but  they  prefer  and  select  grassland  and 
rassland-low  shrub  cover  throughout  most  of  the 
ear.   During  winter,  small  aspen  and  shrubs  offer 
harp-tailed  grouse  protective  cover  and  food, 
he  grouse  feed  on  aspen  buds  in  winter  and  spring 
Hamerstrom  1963;  Moyles  1981).   Aspen  is  useful 
s  small  thickets  of  young  growth  (3  to  6  ft  or  I 
o  2  m  tall)  and  as  larger  patches  of  taller  trees 
or  winter  use  (Evans  1968;  Hamerstrom  1963). 
uring  much  of  the  year,  aspen,  except  as  a  shrub, 
eems  to  be  of  little  or  no  importance  and  is 
erhaps  even  a  detriment  to  the  sharp-tailed 
rouse.   The  presence  of  aspen  near  breeding 
renas  discourages  use  by  these  grouse  (Moyles 
981).   Moyles  cites  evidence  that  invasion  of 
,  irassland  by  aspen  reduces  sharp-tail  habitat. 

t  appears  that  the  sharp-tail  is  a  bird 
haracteristic  of  early  successional  stages  in  the 
spen  ecosystem.   Sharp-tails  use  frequently 
urned  areas  in  which  aspen  regeneration  is  mostly 
arub-size  except  for  some  scattered  stands  of 
ature  trees  that  have  escaped  the  fires.   As 
Ktensive  stands  of  trees  return  to  this  setting. 


the  sharp-tail  gives  way  to  the  ruffed  grouse. 
Fire  in  relatively  short  intervals,  say  20  years, 
could  be  used  for  management  of  sharp-tail  grouse 
habitat.   Large  units  of  several  hundred  acres 
could  be  burned  if  patches  of  large  aspen  trees 
were  protected. 


OUR  CURRENT  RESEARCH 

In  1981  the  Intermountain  Forest  and  Range 
Experiment  Station  commenced  a  prescribed  fire 
study  in  the  aspen  on  the  Bridger-Teton  and 
Caribou  National  Forests  in  western  Wyoming  and 
southern  Idaho,  respectively.   There  are  two 
primary  objectives:  (1)  to  develop  prescriptions 
for  the  use  of  fire  to  regenerate  aspen  and  (2)  to 
determine  postfire  plant  succession  and 
production.   The  research  focuses  on  aspen  sites 
that  are  being  invaded  by  conifers  or  are 
susceptible  to  such  invasion.   Facets  of  the  study 
include : 

1.  Probabilities  of  achieving  weather 
conditions  meeting  specific  prescribed  fire 
conditions . 

2.  A  method  for  predicting  water  contents  of 
live  herbaceous  fuels. 

3.  A  classification  within  the  aspen 
ecosystem  of  fuels  and  their  f lammability . 

4.  The  relation  of  overstory  tree  mortality 
to  fire  severity  as  evidenced  by  visible  bole 
damage  and  fuel  consumption. 

5.  The  relation  of  aspen  sucker  populations 
to  overstory  mortality. 

6.  Vegetation  response  to  fire,  both  with 
and  without  postburn  grazing. 

Adjunct  to  this  research  are  two  cooperative 
studies  being  conducted  by  Utah  State  University 
and  the  Intermountain  Station.   In  the  first 
study,  forage  quality  is  being  assessed  for 
several  plant  species  on  burned  and  unburned  aspen 
sites  during  the  first  and  second  years  after 
prescribed  fire.   In  the  second  study,  tame  elk 
are  being  used  to  determine  habitat  selection, 
foraging  behavior,  and  dietary  nutrition  during 
the  second  and  third  postburn  years  on  burned 
sites  and  in  the  surrounding  habitat. 

A  progress  report  that  covered  all  facets  of  the 
primary  study  was  given  at  the  end  of  the  1982 
field  season  (Brown  and  DeByle  1982).   Research 
continues;  however,  data  gathering  and  analyses 
for  predicting  fire  weather  (facet  1),  for  esti- 
mating water  contents  of  live  fuels  (facet  2) ,  and 
for  developing  a  fuel  classification  (facet  3)  are 
essentially  complete.   The  fuel  classification 
scheme  was  outlined  by  Simmerman  (1983)  and  will 
be  expanded  into  a  more  definitive  publication  in 
the  near  future.  The  results  from  the  cooperative 
studies,  when  combined  with  the  results  from 
facets  4  and  5,  should  be  of  considerable  interest 
to  managers  of  wild  ungulate  habitats. 
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On  most  of  the  mid-  to  high-elevation  aspen  range 
in  the  West,  the  deep  snowpacks  do  not  melt  away 
until  spring  greenup.   Spring  burning  is  not 
possible  under  these  conditions,  hence,  we  concen- 
trated on  developing  prescriptions  for  autumn 
burns.   Summer  generally  is  dry  in  northern  Utah, 
southern  Idaho,  and  Wyoming.   Fuels  cure  through 
late  summer  and  autumn.   As  autumn  approaches,  the 
probability  of  major  precipitation  from  a  frontal 
storm  system  increases.   To  predict  the  probabil- 
ities of  such  storm  systems,  we  analyzed  the  long- 
term  weather  records  for  several  stations.   Two 
prediction  lines  are  shown  in  figure  2.   The 
solid  line  represents  the  accumulative  frequency 
of  a  storm  that  temporarily  prevents  burning; 
subsequent  drying,  however,  would  return  prescribed 
burning  conditions  that  season.   The  dotted  line 
essentially  predicts  the  end  of  the  burning  season. 
For  example:  in  half  of  the  years  a  frontal  storm 
that  delays  burning  for  several  days  can  be 
expected  by  mid-September,  and  the  burning  season 
will  end,  probably  with  a  snowstorm,  by  approxi- 
mately October  25. 
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Figure  2. — Cumulative  frequency  curves  of  estimated 
dates  before  first  major  interruption  of  the 
prescribed  burning  season  (curve  A)  and  the  last 
date  of  the  prescribed  burning  season  (curve  B) . 


Fuel  classification  in  the  aspen  ecosystem  is 
based  primarily  upon  understory  characteristics 
(community  types)  and,  to  a  lesser  extent,  upon 
successional  status,  amount  of  downed  woody  fuels, 
and  grazing.   Some  of  the  major  classes  and  their 
potential  for  prescribed  burning  are: 


Overstory 
Aspen 

Aspen/conifer  mix 
Aspen 


Potential  for 
Understory    prescribed  fire 
Shrub  Good 

Shrub  Good 

Tall  forb  Fair 


Aspen  Shrub  (grazed)  Fair 

Aspen/conifer  mix  Forb  Fair 

Aspen  Low  forb  Poor 

Aspen  Tall  forb  (grazed)  Poor 


NEEDS 

It  is  generally  accepted  that  managing  western 
wildlands  to  provide  an  optimum  amount  of  aspen  on 
the  landscape  will  benefit  some  key  species  of 
wildlife.   It  is  generally  accepted  that  managing 
this  aspen  to  provide  an  array  of  age  and  size 
classes,  perhaps  in  even-aged  units  of  a  few  acres 
each  will  provide  the  best  habitat  for  these  key 
wildlife  species.   For  most  wildlife  species, 
however,  far  too  little  is  known  about  habitat 
needs  to  do  a  top-quality  job  of  intensive  aspen 
management  to  produce  optimum  habitat.  , 

Several  key  wildlife  species  for  which  habitat     , 
management  in  the  aspen  type  could  be  important 
have  been  used  as  examples  in  this  paper.   It  is 
apparent  that  moose,  elk,  deer,  snowshoe  hare,  and 
ruffed  grouse  will  benefit  by  having  an  optimum 
amount  of  aspen  in  a  variety  of  size  classes 
on  their  range.   Just  how  much  is  needed  in 
relation  to  the  mix  and  juxtaposition  of  other 
habitats  is  not  known.   For  some  species  in  some 
environments,  aspen  perhaps  is  all  that  is 
needed — an  example  is  ruffed  grouse  in  northern   ; 
Minnesota  (Gullion  1977a).   For  others,  such  as 
snowshoe  hares  in  the  montane  West  (Wolfe  and 
others  1982)  ,  aspen  alone  will  not  provide 
satisfactory  habitat.   For  still  other  species, 
aspen  forest  plus  some  other  habitat  variable  is 
needed.   Beavers  {Castor  canadensis),    for  example, 
use  aspen  (or  willow)  along  streams  and  rivers. 
In  addition,  many  species  are  migratory,  such  as 
most  passerine  birds,  and  use  the  aspen  forest 
only  during  part  of  the  year,  but  often  during  the, 
all-important  breeding  season.   These  species  are 
equally  dependent  upon  habitats  elsewhere  for 
their  year-round  welfare.   Manipulating  the  aspen 
type  will  not  provide  optimum  habitat  for  this 
total  mix  of  wildlife  species. 

Wildlife  managers  first  must  choose  what  key 
wildlife  species  are  to  be  encouraged.   Then  they 
must  determine  what  those  species  habitat  needs 
are.   Habitat  needs  must  not  be  confused  with 
preferences  for  some  particular  habitat 
components;  instead,  focus  must  be  kept  on  what 
each  species  requires  to  maintain  health,  vigor, 
and  an  acceptable  rate  of  reproduction  (Peek  and 
others  1982).   The  managers  also  must  ascertain 
what  the  trade-offs  are — what  wildlife  species  are 
going  to  be  placed  in  a  disadvantageous  position 
through  some  particular  habitat  management 
strategy.   This  is  a  difficult  job,  perhaps 
impossible  with  our  present  level  of  knowledge  of 
habitat  requirements  for  many  species. 

If  the  chosen  key  wildlife  species  are  deer,  elk, 
and  moose  (they  usually  are  in  the  montane 
forested  habitats  of  the  West),  perhaps  enough  is 
known  about  their  preferences  and  some  of  their 
needs  to  make  reasonable  habitat  management 
recommendations.   Aspen  clearly  is  preferred  by 
these  ungulates.   On  most  of  their  ranges,  aspen 
should  be  encouraged.   A  mix  of  habitats, 
consisting  of  mountain  brush,  meadows,  conifers, 
and  aspen  may  be  best,  but  the  proportions  can 
only  be  speculated  upon.   Aspen  on  up  to  one-half 
of  the  range  of  these  ungulates  is  perhaps  most 
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icceptable.   Management  of  this  aspen  in  even-aged 
mits  of  5  to  60  acres  (2  to  24  ha)  each  on  a 
-otation  of  60  to  100  years  will  probably  supply 
;he  greatest  variety  of  habitats  within  the  aspen 
:ype  and  will  ensure  a  considerable  amount  of 
:dge  around  these  units.   With  this  management 
;trategy,  fire  becomes  a  feasible  option  for 
;illing  60-  to  100-year-old  aspen  stands,  at  least 
hose  with  a  shrubby  understory,  thereby 
riggering  abundant  even-aged  aspen  regeneration. 
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MODELING  SHRUB  SUCCESSION  FOLLOWING 

CLEARCUTTING  AND  BROADCAST  BURNING 

Penelope  Morgan  and  L.  F.  Neuenschwander 


BSTRACT:   This  conceptual  model  of  early  serai 
hrub  succession  following  clearcutting  and 
roadcast  burning  synthesizes  ideas  from  previous 
jsearch  and  modeling  approaches  into  a  simple 
Lagrammatic  model  of  the  critical  successional 
ifluences  and  processes.   Illustrative  examples 
re  drawn  from  observations  of  successional 
jvelopment  following  high-and  low-severity  burns 
1  the  Thuja  plicata/Clintonia  uniflora   habitat 
?pe  in  northern  Idaho. 


ITRODUCTION 

le  general  t^rend  in  the  study  of  succession 
illowing  fire  is  from  natural  history  descriptions 
)  quantitative  models  that  yield  predictions  of 
immunity  development.   The  study  of  shrub 
iccession  in  northern  Idaho  is  a  typical  example. 

irly  serai  shrub  development  following  fire  in  the 
list  cedar-hemlock  forests  of  northern  Idaho  was 
iscribed  by  Leiberg  (1900)  and  has  since  been 
:udied  in  detail  by  Mueggler  (1965)  ,  Lyon  and 
fickney  (1976),  and  others.   Shrubs  rapidly  Invade 
rned  areas  and  may  dominate  a  site  for  many  years 
iueggler  1965).   Large-scale  fires  in  the  early 
OO's  created  many  shrubfields  that  provided 
undant  browse  for  big  game.   This  prompted  many 
udies,  particularly  of  the  shrub  species 
iportant  for  big  game  forage.   Early  descriptions 
I  succession  following  fire  were  general,  seldom 
tantitative,  often  limited  to  one  or  two  species, 
id  usually  poorly  documented.   Information  useful 
:  drawing  a  cohesive  understanding  of  the  factors 
ifecting  shrub  succession  is  therefore  often 
jattered,  unpublished,  incomplete,  or  otherwise 
I  available. 

listing  models  that  predict  change  in  forest 
iderstory  communities  are  often  unsatisfactory  to 
let  more  than  the  specific  needs  for  which  they 
vre  developed.   The  goal  of  this  report  is  to 
iview  some  of  these  models  and  their  limitations 
id  to  present  a  general  conceptual  model  for  early 
srub  succession. 


Development  of  our  model  draws  heavily  on  the 
previous  work  of  Lyon  and  Stickney  (1976),  the 
existing  literature,  and  our  documentation  of  shrub 
succession  following  clearcutting  and  broadcast 
burning.   We  have  been  studying  shrub  succession 
following  clearcutting  and  burning  of  dense 
coniferous  forests  on  the  Thuja  plicata/Clintonia 
uniflora   habitat  type  (Cooper  and  others  1983)  in 
northern  Idaho.   Here,  early  serai  communities  are 
often  dominated  by  shrubs  that  establish  themselves 
immediately  following  fire.   Native  forbs  and 
grasses  do  not  have  the  potential  to  dominate  the 
site  and  the  forb/grass  stage  of  succession  is 
short  lived.   Forbs  are  common,  and  grasses  are 
uncommon  in  this  habitat  type.   More  than  30 
different  shrub  species  grow  on  the  habitat  type, 
many  of  which  are  critical  to  timber  and  wildlife 
resource  management. 

We  are  building  a  simulation  model  based  on  the 
conceptual  model  presented  here.   The  simulation 
model  will  predict  regeneration,  establishment,  and 
subsequent  changes  in  species  composition  in  the 
early  serai  shrub  communities  that  develop 
following  high-  and  low-severity  burns. 

Ecological  impact  of  fire  on  understory  vegetation 
depends  on  burn  severity.   Severity  is  a  function 
of  the  total  fuel  consumed  by  fire,  a  reflection  of 
both  total  heat  produced  and  duration  of  heating  of 
the  soil  surface.   We  evaluated  burn  severity  using 
visual  criteria  based  on  litter  and  duff 
consumption,  evidence  of  mineral  soil  alteration 
due  to  heating,  and  size  and  depth  of  char  on  large 
woody  fuels  remaining  after  the  burn.   These 
criteria  are  similar  to  those  developed  for  depth 
of  char  (Ryan  and  Noste,  in  press)  and  depth  of 
burn  (Rowe  1983).   Burn  severity  may  be  unrelated 
to  fire  intensity.   Fire  intensity  refers  to 
maximum  above-ground  heat  pulse  and  principally 
depends  on  consumption  of  fine  fuels.   In  contrast, 
the  degree  of  soil  heating  depends  on  consumption 
of  duff  and  large  woody  fuels.   Burn  severity 
affects  response  of  understory  species  and  cambial 
damage  to  tree  boles  and  roots  more  than  fire 
intensity  does. 


F)er  presented  at  the  Symposium  on  Fire's  Effects 
0  Wildlife  Habitat,  Missoula,  Mont.,  March  21, 

Iielope  Morgan  is  Doctoral  Fellow  and  Leon  F. 
^ienschwander  is  Associate  Professor,  Department 
c  Forest  Resources,  University  of  Idaho,  Moscow. 


PREVIOUS  MODELS 

Most  existing  forest  successional  models  include 
only  trees.   If  understory  vegetation  is 
considered,  it  is  only  by  general  growth  form 
(Shugart  and  West  1980).   The  model  of  Bartos  and 
other  (1983)  is  a  good  example.   Understory 
development  affects  aspen  and  conifer  succession  in 
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this  model;  however,  all  understory  species  are 
grouped  into  shrub  and  herb  components.   More 
detailed  descriptions  of  understory  successional 
dynamics  are  needed  in  many  disciplines.   These 
descriptions  should  include  changes  in  community 
structure,  species  composition,  and  growth  rates  of 
important  understory  species  (Pfister  1982). 

The  stand  prognosis  model  (Stage  1973;  Wykoff  and 
others  1982)  predicts  forest  vegetation  development 
following  stand  disturbance.   It  applies  primarily 
to  trees,  but  one  can  predict  percent  canopy  cover, 
biomass,  and  height  of  some  important  understory 
shrub  and  grass  species.   The  predictions  are  based 
on  regression  equations  developed  by  Irwin  and  Peek 
(1979).   Extensions  to  the  model  are  being 
developed  to  predict  total  shrub  cover,  probability 
of  establishment,  percent  canopy  cover,  and  height 
of  42  shrub  species  (Laursen  1984).   The  regression 
equations  were  developed  from  empirical  data 
collected  in  various  forest  habitat  types  and  stand 
ages  under  different  site  conditions,  tree  stand 
densities,  and  types  of  disturbance  (Stage  1973; 
Wykoff  and  others  1982).   The  regression  approach 
is  fairly  easy  to  use  as  it  does  not  require 
inclusion  of  mechanistic  relationships,  but  it  is 
data  intensive.   Predictions  may  have  limited 
reliability  for  stand  conditions,  areas,  or 
treatments  other  than  those  included  in  the 
original  data  base.   The  stand  prognosis  model  does 
not  consider  the  influences  of  severity  of  fire 
disturbance  or  existing  understory  vegetation  on 
successional  development. 


The  forest  habitat  typ 
provides  a  common  mean 
environment  and  is,  th 
for  studying  secondary 
secondary  succession  c 
developed  by  Arno  and 
(Steele  and  Geier-Haye 
models  of  tree  and  und 
selected  habitat  types 
approaches  allow  for  d 
successional  developme 
disturbance  and  inltia 
neither  is  quantitativ 
causal  factors  of  obse 


e  classification  system 

s  of  stratifying  the  physical 

erefore,  a  logical  framework 

succession  (Arno  1982).   The 
lassif ication  systems  being 
Simmerman  (1982)  and  Steele 
s  1982)  are  diagrammatic 
erstory  succession  on 

in  Montana  and  Idaho.   Both 
ifferent  pathways  of 
nt  depending  on  the  nature  of 
1  stand  conditions.   However, 
e  and  neither  identifies 
rved  successional  patterns. 


Recent  descriptions  of  succession  emphasize  the 
influence  of  initial  stand  and  site  conditions, 
nature  of  disturbance,  and  life  history 
characteristics  of  individual  species  as 
determinants  of  the  multiple  pathways  of  succession 
following  disturbance.   These  include  models  based 
on  the  vital  attribute  concept  of  Noble  and  Slatyer 
(1980),  and  the  JABOWA  model  (Botkin  and  others 
1972)  and  its  derivatives. 

Vital  attributes  are  those  life  history 
characteristics  of  a  species  that  determine 
disturbance  response.   They  include  means  of 
arrival  and  persistence,  establishment,  and  timing 
of  critical  life  stages  (Noble  and  Slatyer  1980). 
The  approach  provides  a  conceptual  framework  for 
predicting  response  of  individual  species  to 
disturbance  based  on  general  ecological  and 
morphological  characteristics.   These 
characteristics  are  known  for  many  understory 


species  for  which  more  detailed  autecological  dat 
are  unavailable.   Local  applications  have  been  tc 
trees  only,  including  models  of  tree  succession 
following  fire  in  Glacier  National  Park  (Cattelir 
and  others  1979)  and  some  forest  communities  in 
Montana  (Kessell  and  Potter  1980).   Multiple 
pathways  of  succession  depend  on  vegetation 
existing  before  disturbance  and  the  fire  return 
interval.   These  and  other  vital  attribute  models 
(Noble  and  Slatyer  1980;  Noble  1981)  are 
diagrammatic,  but  the  approach  need  not  be  llmitf 
to  nonquantitative  applications.   Kessel  and  Pottr 
(1980)  provided  general  predictions  of  abundance 
for  common  understory  species. 

JABOWA  and  its  derivatives  are  forest  gap 
regeneration  models  (Shugart  and  West  1980). 
Predictions  of  regeneration,  establishment  and 
changing  species  composition  of  trees  through  tir 
are  stochastic.   Life  history  characteristics  of 
individual  species  determine  successional 
development.   Despite  simplistic  representations  f 
growth  and  competition,  the  models  have  been 
successfully  adapted  to  many  forest  ecosystems  ai 
a  variety  of  disturbances  (Shugart  and  others 
1981).   This  Illustrates  the  importance  of 
recognizing  the  influence  of  disturbance,  existii 
vegetation,  and  individual  species  characteristic 
on  the  major  processes  of  regeneration  and 
establishment.   The  models  do  not  include 
understory  species  or  effect  of  severity  of 
disturbance. 

The  BRIND  model  (Shugart  and  Noble  1981)  predict: 
successional  dynamics  following  fire  in  Austral!;' 
forests.   It  is  derived  from  JABOWA  but  differs  1 
including  fire  intensity  effects  on  tree 
regeneration  and  mortality.   Fire  kills  trees 
directly  by  scorching  crowns  or  increasing 
susceptibility  to  other  sources  of  tree  mortalitli 
In  the  model.   Germination  of  tree  seeds  is 
enhanced  or  stimulated  by  fire  depending  on  fire' 
Intensity.   This  model  thus  recognizes  that  not  1 
fires  have  the  same  ecological  impact  on 
ecosystems.   Although  fire  intensity  and  severit 
both  affect  fire  damage  of  trees,  severity  would e 
a  better  indicator  of  seed  germination  effects  a; 
some  of  the  tree  mortality  factors.   Species 
characteristics  are  important  in  the  model,  but 
the  vital  attribute  approach  is  not  specifically 
Incorporated  in  the  BRIND  model.  i 

i( 
Two  particularly  useful  conceptual  models 
applicable  to  shrub  succession  are  those  of 
MacMahon  (1980,  1981),  developed  as  a  general  moil 
of  succession,  and  Lyon  and  Stickney  (1976), 
developed  to  describe  succession  following  north n 
Rocky  Mountain  wildfires.   Both  emphasize  the 
importance  of  on-  and  off-site  propagule  sources 
the  processes  of  survival,  dissemination,  and 
establishment;  and  the  importance  of  individual 
species  characteristics  as  determinants  of  the 
pattern  of  successional  development. 

The  variety  of  modeling  approaches  reflects 
recognition  of  need  for  predictions  of  early 
succession  following  forest  disturbance  (Pfister' 
1982;  Franklin  1982),  yet  few  theories  have  beeni 
advanced  to  describe  the  causes  of  early 
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tiiccessional  patterns  (Zamora  1982).   Modeling  of 

f  irly  succession  In  forests  has  been  largely 
'olded  due  to  its  apparent  complexity.   Large 

riimbers  of  species  are  involved,  autecologlcal  data 
)r  even  the  most  important  species  are  often 
icking,  and  species  exhibit  a  wide  array  of 
.fe-cycle  strategies  (Zamora  1982)  .   Few  models  of 
iderstory  succession  exist,  as  there  is  a  belief 

1:  lat  once  communities  reach  the  forest  stage,  the 
iquence  of  successional  events  becomes  more 

t  edictable. 

e  rly  succession  is  neither  too  complex  nor  too 
■ riable  to  defy  prediction.   Previous  research  and 
1  deling  attempts  have  Identified  critical 
:ccessional  Influences  and  useful  approaches  to 
Indling  them  in  a  modeling  context.   Identifying 
litlcal  life  history  characteristics  of 

itsccesslonal  species  (Gill  1977,  1981;  Naveh  1975; 

•Ible  and  Slatyer  1980;  Rowe  1983);  stratifying 
(vironments  by  habitat  type  (Arno  1982;  Arno  and 

:inimerman  1982;  Stage  1973);  and  describing 
(fferentlal  species  response  to  burn  severity 

iiiowe  1983)  provide  means  to  reduce  variability  and 
£low  prediction.   Availability  of  these  ideas  has 
jeatly  simplified  our  conceptual  development  to 

ticfe  of  synthesis.   We  have  combined  the  best 

ticaracteristics  of  previous  research  and  modeling 
cproaches  into  a  simple  conceptual  model  of  shrub 
secession  following  clearcutting  and  burning. 


iSCEPTUAL  MODEL 


k  model  of  early  succession  (fig.  1)  is  briefly 
sccllned  in  an  overall  description  of  the  linkage 

c  major  successional  processes  and  influences. 

If.re   detailed  treatment  of  successional  processes 

i;luded  in  the  model  follows  in  subsequent 
;!S|':tions.   A  separate  section  is  dedicated  to  the 

rlLe  of  chance  and  our  Incorporation  of  stochastic 
-al  deterministic  approaches  into  the  conceptual 

mlel. 


se  propagules  (seeds,  buds,  rootstocks,  and 
ers)  that  survive  disturbance  on-site  or  are 
seminated  from  off-site  sources  give  rise  to  the 
tial  flora.   The  initial  flora  Includes  those 
cies  available  for  colonizing  the  site  following 
turbance.   The  likelihood  that  the  initial  flora 
ludes  a  particular  species  depends  on 
ironmental  conditions  (e) ,  existing  vegetation 
,  and  chance  (c).   Through  the  process  of  ecesis 
ements  1916),  some  of  the  initial  flora 
abllsh  and  grow  to  form  the  vegetation  in  the 
st  year  after  disturbance (s) .   Individuals  may 
abllsh  whenever  suitable  conditions  for  ecesis 
ur  in  the  years  following  disturbance;  however, 
ablishment  is  limited  to  the  first  year 
lowing  clearcutting  and  fall  broadcast  burning 
the  Thuja  plicata/Clintonia  uniflora   habitat 
e.   The  process  of  ecesis  is  strongly  Influenced 
burn  severity  (b) ,  life  history  characteristics 
individual  species  (1) ,  and  chance  (c)  .   Change 
vegetation  from  the  first  year  (S.)  to 
sequent  years  (S,,)  is  the  result  of  growth  and 
biotic  interactions  that  affect  growth.   Growth 
blotic  interactions  are  affected  by  chance  (c) 


c:  chanc* 

v:  axlstlng  vagatatlon 
•:  anvlronmantal  condltlona 
I:  spaclaa  Ilia  hiatory 

charactarlatica 
b:  burn  aavarlty 

Figure  1. — Conceptual  model  of  shrub  succession 
following  clearcutting  and  broadcast  burning.   The 
initial  flora  Includes  those  species  available  for 
postburn  colonization.   It  consists  of  those 
propagules  surviving  the  burn  on-site  and  those 
disseminated  from  nearby  off-site  areas.   Species 
composition  of  the  initial  flora  depends  on  chance 
(c),  the  vegetation  existing  before  disturbance 
(v) ,  and  environmental  conditions  (e) .   Some  of  the 
initial  flora  establish  to  form  the  first  year 
shrub  community  (S.).   The  establishment  process 
is  affected  by  chance  (c) ,  life  history 
characteristics  of  individual  species  (1) ,  and  burn 
severity  (b) .   After  establishment,  changes  in 
shrub  communities  to  those  of  subsequent  years  S^, 
are  the  result  of  growth  and  biotic  interactions. 
These  processes  are  strongly  influenced  by  chance 
and  the  life  history  characteristics  of  individual 
species. 

and  the  life  history  characteristics  of  the 
successional  species  (1). 

The  major  postburn  successional  influences 
identified  in  the  conceptual  model  are 
environmental  conditions  (e),  existing  vegetation 
(v) ,  burn  severity  (b) ,  life  history 
characteristics  of  species  (1),  and  chance  (c). 
Environmental  effects  include  physical  site 
conditions  such  as  soil  conditions,  elevation, 
slope,  aspect,  and  forest  habitat  type.   Tree  canopy 
closure  and  seed  bank  and  live  shrub  species 
composition  of  the  forest  vegetation  existing 


85 


before  clearcutting  may  strongly  influence 
successional  development.   Life  history 
characteristics  of  species  that  affect  disturbance 
response  include  possible  reproductive  modes, 
intrinsic  growth  rates,  longevity,  and  shade 
tolerance.   Burn  severity  affects  the  potential 
contribution  of  various  reproductive  modes  to 
postburn  regeneration,  establishment  and  growth  of 
species.   Chance  plays  an  important  role  in  all 
early  successional  processes. 

We  incorporate  the  effect  of  chance  on  succession 
through  stochastic  modeling  in  addition  to 
deterministic  approaches.   Shrub  community  dynamics 
in  the  first  few  postburn  years  are  modeled 
stochastically.   These  include  the  processes  of 
determination  of  the  initial  flora,  establishment, 
early  growth,  and  biotic  interactions.   Subsequent 
changes  in  shrub  communities  are  represented 
deterministically. 


On-site  Propagule  Sources 

Understory  vegetation  is  usually  top  killed  by 
fire;  therefore,  most  understory  vegetation  is 
adapted  to  regenerate  after  fire.   Sources  of 
regeneration  are  of  two  general  types:   on-  and 
off-site  (Lyon  and  Stickney  1976) ,  which  have  also 
been  called  residuals  and  migrants  (Clements  1916; 
MacMahon  1980,  1981).   On-site  sources  may  be 
dormant  buds  on  surviving  plants  parts  (the  "bud 
bank")  or  dormant  seeds  stored  on  site  in  duff  and 
surface  soil  (the  "seed  bank")  (Roberts  1981). 

The  above  ground  parts  of  understory  plants  are 
usually  partially  or  totally  consumed  and  the 
cambial  tissue  killed  or  damaged  by  fire;  however, 
the  root  system  and  subsurface  plant  parts  may 
survive  even  intense  fires.   Understory  vegetation 
commonly  resprouts  from  previously  dormant  buds  on 
rhizomes,  root  crowns,  bulbs,  corms,  and  other 
plant  parts  (Gill  1981;  Heinselman  1981).   Postburn 
sprouting  is  widespread  in  ecosystems  worldwide 
(Keeley  1981).   Postburn  shrub  growth  from  sprouts 
is  often  abundant  and  vigorous,  particularly  for 
low  shrubs  such  as  Rosa,   Symphoricarpos ,    and 
Spiraea    (Lyon  and  Stickney  1976).   Root  crown 
sprouting  has  been  called  the  most  important  fire 
survival  adaptation  for  northern  Rocky  Mountain 
shrub  species  (Lyon  and  Stickney  1976).   It  is 
particularly  important  for  tall  shrubs  such  as 
Acer,    SaliXy   Alnus,    and  others  (Lyon  and  Stickney 
1976).   Severe  or  deep  burns,  those  that  consume 
organic  layers  and  heat  the  soil  surface  for  some 
time,  result  in  reduced  sprouting  response  (Fllnn 
and  Wlen  1977;  Ohmann  and  Grlgal  1979;  Rowe  1983). 
This  is  likely  due  to  direct  lethal  heating  of  the 
plant  tissues  but  may  also  be  due  to  changes  in  the 
postburn  microenvironment  such  as  soil  water  and 
temperature  regimes  or  nutrient  availability 
(Heinselman  1981).   Generally,  on-site  seedling  or 
sprout  regeneration  occurs  even  on  severe  burns 
(Heinselman  1981). 

Seed  banks  may  contribute  significantly  to  postburn 
regeneration  (Archlbold  1979;  Roberts  1981;  and 
others).   Seeds  may  lie  dormant  on  site  for  many 


years,  often  through  an  entire  successional  cycle 
For  instance,  many  Ceanothus   species  apparently 
produce  abundant  seed  beginning  shortly  after 
establishment.   These  accumulate  in  the  soil  unti! 
dormancy  is  broken,  often  by  heat  from  fire 
(Gratkowski  1973).   Postburn  seedling  regeneratioi 
from  seed  bank  sources  may  be  very  abundant.   We 
found  that  eight  of  12  common  and  abundant  shrub 
species  on  the  Thuja  pliaata/Clintonia  uniflora 
habitat  type  relied  on  seed  banks  for  postburn 
regeneration  (Morgan  and  Neuenschwander ,  in 
preparation).   Live  fruiting  shrubs  of  these  most.: 
shade-intolerant  early  successional  species  were  r 
not  present  in  the  undisturbed  forests,  nor  is 
off-site  dispersal  likely  (Morgan  and 
Neuenschwander,  in  preparation).   Thus,  the 
majority  of  seeds  in  the  duff  and  soil  seed  bank  . 
must  have  been  produced  on-site  in  a  previous  shr\ 
stage.  (, 

I 
Some  seeds  are  specifically  adapted  to  lie  dorman 

until  stimulated  to  germinate  by  heat  from  fire  o 

the  changed  postfire  environment.   Germination  of 

Ceanothus   species  is  stimulated  by  heat 

scarification  (Gratkowski  1973).  Rihes    (Quick 

1956)  and  other  species  appear  similar  in  their 

germination  response  to  fire.   Seeds  of  other 

species  that  lack  specific  adaptations  for  heat 

tolerance  may  survive  fire  by  chance.   The  seedbe 

created  by  fire  is  seldom  uniform.   Even  severe 

fires  often  leave  small  islands  of  unburned  or  on 

partially  consumed  duff.   Seedling  composition  on 

such  microsltes  is  often  different  from  that  on 

more  severely  burned  microsltes.   Regeneration  fr 

seed  banks  may  be  enhanced  by  moderately  severe 

fires  (Heinselman  1981). 

The  on-  and  off-site  propagules  sources  that 
predominate  on  a  given  site  affect  successional 
dynamics.   On-site  sources  are  Immediately 
available  and  postburn  response  may  be  rapid  as  1 
the  case  when  sprouting  is  abundant  and  vigorous. 
Off-site  sources  may  be  but  are  most  often  not  as 
quickly  available  and  abundant  postburn. 


Off-site  Propagule  Sources 

Propagules  may  be  disseminated  from  areas  adjacen 
to  burns  by  wind,  animal,  bird,  or  water  vectors. 
Usually  the  propagules  are  small  airborne  seeds  o 
fruits  (Lyon  and  Stickney  1976).  The  importance 
off-site  sources  to  a  particular  species  varies 
with  availability  of  suitable  vectors  and  proximi 
of  flowering  source  plants  in  unburned  areas  with 
or  at  the  edge  of  burns.  These  factors  are  highl' 
subject  to  topography  and  chance.  Therefore,  the, 
postburn  abundance  of  vegetation  with  off-site 
origins  may  be  highly  unpredictable  (Lyon  and 
Stickney  1976). 


i 


1 


Species  vary  greatly  in  their  adaptations  to 
dispersal.  Occasionally,  off-site  sources  enable 
species  to  be  very  abundant  postburn,  as  is  often 
true  with  Epilobium  species.  Generally,  however, 
off-site  sources  lead  to  infrequent  and  continuou 
establishment  through  time  (Lyon  and  Stickney 
1976).   Shrubs  that  have  seed  adapted  for  wind 
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T-spersal  (such  as  Salix,   Acer,   Betula,    and  Alnus 
■:)ecles)  also  rely  heavily  on  sprouting  for 
|)Stburn  regeneration. 

Kjliitial  Flora 

le  on-  and  off-site  propagule  sources  determine 
e  initial  flora,  those  species  available  for 
stburn  establishment  (Lyon  and  Stickney  1976). 
e  composition  of  the  initial  flora  is  strongly 

*  |if luenced  by  environment,  existing  vegetation,  and 

ance.   The  environmental  conditions  of  the  site 
.fluence  successional  pathways  (Zamora  1982)  by 
miting  the  species  potentially  present  on-site 
d  in  adjacent  areas  that  might  provide  off-site 
urces  of  propagules.   On-site  sources  are 
■frticularly  affected  by  the  vegetation  existing 
Ifore  disturbance.   Sprouting  potential  is  a 
inction  of  age  and  vitality  of  shrubs  (Naveh  1975; 
''('11  1981).   Thus,  post-burn  sprouting  depends  on 
1*e  presence  of  vigorous  shrubs  in  the  undisturbed 
■iderstory.   Many  of  the  species  important  in  early 
fral  shrub  communities  are  shade  intolerant  and 
lable  to  exist  under  the  closed  canopy  of  the 
ildisturbed  forest.   Such  species  will  sprout  if 
ley  are  present  in  the  stand  before  disturbance. 
It  many  rely  on  dormant  seed  stored  on-site  in 
cff  and  soil  seedbanks.   Stand  history  may  affect 
fedbank  composition.   On-site  propagule  sources 
'Vll  be  nonexistent  if  the  time  since  on-site  seed 
'joduction  exceeds  seed  longevity. 

>'ny  shrub  species  regenerate  from  more  than  one 

•  popagule  source  on  a  given  site.  Salix 
SiOuleviana   may  establish  post-burn  from  root  crown 
srouts  or  from  wind-blown  seed  (Lyon  and  Stickney 
176).  Rubus  parviflorus   may  sprout  from  rhizomes 

-  ci  regenerate  from  seed  stored  on-site  in  the 
Ej2dbank.   Establishment  probabilities  and  early 

:  gowth  rates  of  seedlings  and  sprouts  of  the  same 
S2cies  often  differ  greatly,  hence  it  is  useful  to 
t;at  the  reproductive  modes  of  the  same  species  as 
Ejarate  entities  in  the  model  until  they  become 
d'ficult  to  differentiate  in  the  field.   Seedlings 
ai  sprouts  of  the  same  species  are  probably 
srficiently  similar  to  be  treated  as  equivalents 
1  the  model  after  the  first  few  post-burn  growing 

-sisons. 


Eiablishment 

T;  species  present  in  the  first  post-burn  growing 
sison  will  depend  on  the  initial  flora,  but  not 
a.  initial  flora  will  survive  and  regenerate  after 
fe.   It  is  unlikely  that  establishment  success 
w.l  be  proportionate  to  the  abundance  of 
P)pagules  in  the  initial  flora. 

S  cessful  establishment  depends  on  the  kind  and 
s  erity  of  disturbance,  mode  of  reproduction,  and 
0;ier  factors,  including  weather,  microslte 
c.idltions,  and  herb  ivory.   Burn  severity  affects 
t  overall  postburn  abundance  of  shrub  seedlings 
a  sprouts.   Both  rhizomatous  and  root  crown 
s  outs  are  more  abundant  on  low-severity  than  on 
hh-severity  burns.   Burn  severity  reflects  the 


potential  damage  to  seeds  and  plant  organs  in  the 
duff  and  soil  (Flinn  and  Wien   1977).   It  also 
strongly  affects  the  postburn  microenvironment . 
Thus,  burn  severity  may  strongly  influence  the 
likelihood  of  establishment  from  both  seed  and 
sprout  propagules. 

In  the  simplest  case,  establishment  is  limited  to 
immediately  following  fire.   Virtually  all 
important  early  successional  species  establish  in 
the  first  postburn  year  (Lyon  and  Stickney  1976; 
Gomez-Pompa  and  Vazquez-Yanes  1981;  Zamora  1982). 
No  significant  additional  establishment  of  either 
shrub  seedlings  or  sprouts  occurred  after  the  first 
growing  season  on  the  fall  broadcast  burns  we 
observed.   Immediate  establishment  of  shrubs  is 
similarly  probable  for  productive  sites  where 
establishment  is  primarily  from  on-site  sources. 
Factors  affecting  regeneration  are  particularly 
important  influences  on  successional  pattern  when 
establishment  is  immediate  and  characteristics  of 
the  species  that  do  establish  may  strongly  affect 
the  pattern  of  successional  development  for  many 
years.   For  instance,  the  apparent  forb,  shrub,  and 
tree  "stages"  of  succession  are  the  result,  not  of 
successive  establishment  and  replacement,  but  of 
differential  growth  rates  of  species  that  establish 
simultaneously  (Lyon  and  Stickney  1976). 


Growth  and  Biotic  Interactions 

Shrub  community  dynamics  subsequent  to 
establishment  are  the  result  of  survival  and 
differential  growth  of  individuals  (Lyon  and 
Stickney  1976).   It  is  useful  to  treat  growth  and 
establishment  as  separate  processes  even  if  they 
occur  simultaneously,  which  accommodates  the  site 
poor  for  establishment  but  favorable  to  growth 
(Stage  and  Ferguson  1982). 

In  our  conceptual  model,  growth  is  expressed  as  net 
growth,  including  mortality.   Biotic  interactions 
Include  competition,  interference,  and  any  other 
influences  of  one  organism  upon  another  that 
contribute  to  differential  growth  and  size 
potential.   Growth  and  biotic  interactions 
encompass  all  processes,  including  the  innate 
characteristics  of  individual  shrub  species,  which 
determine  apparent  dominance  over  time  (Lyon  and 
Stickney  1976). 

The  mechanisms  of  growth  and  biotic  interactions 
are  difficult  to  quantify.   Growth  is  a  function  of 
intrinsic  growth  rate,  competition,  mode  of 
reproduction,  physical  site  characteristics, 
weather,  time,  and  other  factors.   Chance  plays  a 
major  role,  contributing  to  the  spatial  and 
temporal  variability  of  these  effects.   Early 
growth  is  especially  subject  to  a  variety  of 
factors.   A  few  of  these  can  be  identified  and 
quantified.   Others  may  best  be  treated  as  chance 
influences.   In  a  model,  this  is  accomplished 
through  use  of  stochastic  functions.   Growth  and 
biotic  interactions  may  be  adequately  represented 
by  simple  stochastic  equations  as  in  JABOWA  (Botkin 
and  others  1972)  and  the  many  models  derived  from 
it  (Shugart  and  others  1981). 
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Role  of  Chance 

Chance  plays  an  Important  role  in  succession 
(Franklin  1982).   It  affects  every  successional 
process,  whether  that  effect  is  identified  and 
quantified  in  the  model  or  not.   The  role  of  chance 
can  be  represented  in  simulation  models  by  random 
and  probabilistic  components.   Models  that 
incorporate  such  effects  are  stochastic. 
Predictions  of  stochastic  models  are  not  single, 
absolute  numbers;  instead,  they  consist  of  a  range 
of  numbers  with  associated  probabilities  that 
express  the  likelihood  that  a  particular  outcome 
will  occur.   Inclusion  of  a  separate  stochastic 
element  in  a  model  stresses  the  important  influence 
of  chance  on  successional  pattern   (Franklin  1982). 
Models  are  simplifications.   The  effort  to  build  an 
accurate  model  forces  an  elucidation  of  the  most 
critical  processes  and  controlling  influences  of 
succession.   Many  less  important  effects  must  be 
excluded.   Stochastic  elements  may  be  used  in 
simulation  models  to  represent  the  influence  of 
some  of  these  excluded  effects.   Thus,  stochastic 
functions  may  be  used  in  simulation  models  to 
represent  both  natural  variation  due  to  chance  and 
variability  due  to  other  influences  on  successional 
processes  than  those  included  in  the  model. 

Deterministic  models  are  usually  simpler  and  less 
expensive  to  execute  than  stochastic  models. 
Stochastic  predictions  more  realistically  represent 
natural  variability  in  postburn  succession. 

We  believe  that  a  combination  of  stochastic  and 
deterministic  approaches  provides  flexibility  and 
accuracy  in  a  less  expensive  model.   Stochastic 
functions  can  be  used  to  represent  processes  that 
are  strongly  influenced  by  chance  and  by  many 
factors  that  are  difficult  to  identify  and 
quantify,  namely  determination  of  initial  flora, 
establishment,  early  growth,  and  biotic 
interactions.   Shrub  community  dynamics  following 
establishment  and  early  growth  are  less  subject  to 
the  vagaries  of  chance.   A  deterministic  model  may 
adequately  represent  successional  development  after 
the  first  few  postburn  years. 


processes  and  influences  may  differ  from  the  one  v. 
described.  | 

Much  data  may  be  required  to  obtain  the  knowledge; 
of  the  on-  and  off-site  propagule  sources  needed 
apply  this  model.  This  is  a  serious  limitation 
unless  indicators  of  disturbance  response  can  be 
easily  identified.  Seed  morphology  may  be 
indicative  of  the  likelihood  of  long-lived  dormanii 
in  seedbanks,  the  potential  importance  of  seedbanl 
may  be  predictable  by  habitat  type,  and  rooting 
habit  may  offer  clues  to  sprouting  potential.  f 
Ideally,  adaptive  characteristics  of  species  couli 
be  simply  identifed  from  such  general  morphologic/ 
and  ecological  characteristics. 

The  conceptual  approach  is  untested.   Pilot 
simulation  model  development  suggests  that  the 
modeling  approach  has  promise.   Once  complete,  th^ 
simulation  model  will  be  tested  against  field 
observations  of  shrub  succession  on  the  Thuja 
pliaata/Clintonia  uniflora   habitat  type.   Results 
should  reflect  whether  the  conceptual  approach  is 
appropriate. 


CONCLUSIONS 

The  complexity  of  early  serai  succession  can  be 
unraveled  when  casual  factors  are  identified.   We 
liave  outlined  a  conceptual  model  of  shrub 
succession  following  clearcutting  and  broadcast 
burning.   The  model  incorporates  the  critical 
influences  and  processes  determining  successional 
development.   Environmental  conditions,  existing 
vegetation,  life  history  characteristics  of  specii 
available  for  colonization,  kind  and  severity  of 
disturbance,  and  chance  are  identified  as  importai 
influences  on  successional  patterns.   The  critica 
successional  processes  are  determination  of  the 
initial  flora,  establishment,  growth,  and  biotic  i 
interactions.   Many  of  these  influences  and 
processes  have  been  previously  identified  as 
Important  determinants  of  successional  patterns. 
Here  they  are  synthesized  into  a  simple  conceptual, 
model  of  shrub  succession  following  fire.        j 


LIMITATIONS 

The  conceptual  model  presented  here  and  the 
examples  used  to  demonstrate  it  draw  heavily  on  our 
experience  with  postburn  shrub  succession  in 
northern  Idaho.   We  hope  that  this  model  is 
generally  applicable  to  postburn  succession; 
however,  differences  in  detail  are  likely.   For 
instance,  seed  banks  are  probably  not  as 
significant  as  contributors  to  postburn 
regeneration  of  understory  vegetation  in  some  other 
habitat  types.   Johnson  (1975)  found  evidence  for 
lesser  importance  of  seed  banks  in  northern 
ecosystems.   Relative  contribution  of  on-  and 
off-site  sources  may  also  be  strongly  influenced  by 
fire  regimes  (Keeley  1981).   Establishment  may 
extend  through  many  years  elsewhere,  especially  if 
off-site  sources  predominate.   This  could  strongly 
affect  successional  dynamics.   In  such  situations, 
the  relative  importance  of  the  successional 


Development  of  our  conceptual  model  draws  heavily 
on  the  conceptual  models  presented  by  MacMahon 
(1980,  1981)  and  Lyon  and  Stickney  (1976),  existii 
literature,  and  previous  successional  modeling 
approaches.   The  best  attributes  of  many  separate 
approaches  are  combined  in  the  conceptual  model. 
The  resulting  integration  differs  substantially 
from  any  of  the  parts.   We  recognize  the  role  of 
chance  in  successional  development.   Chance  is  mo! 
influential  in  the  first  few  postburn  years,  and  \j_ 
represent  early  successional  processes  Ml 

stochastically.   Deterministic  equations  are     " 
adequate  representations  of  community  dynamics 
subsequent  to  establishment  and  early  growth,  whei 
changes  in  the  community  are  less  subject  to  the 
vagaries  of  chance.   This  time-dependent  linkage  i 
stochastic  and  deterministic  equations  in  a  singli 
successional  model  is  unique.   The  conceptual  mod( 
provides  a  valuable  synthesis  of  ideas  valuable  ii 
developing  an  understanding  of  the  course  of  earl; 
serai  shrub  succession  following  clearcutting  and 
burning. 
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i 


uorest  successional  models  have  been  used  to 
ntegrate  existing  knowledge,  explore  theories, 
est  specific  hypotheses,  and  stimulate  critical 

e  hinking  about  the  causes  and  consequences  of 
uccessional  dynamics  (Shugart  and  West  1980; 
ranklin  1982) .   We  hope  that  the  conceptual  model 
resented  here  will  stimulate  similar  critical 
hinking  about  succession  of  forest  understory 

'  pecies. 
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INFLUENCE  OF  FIRE  SEVERITY  ON  RESPONSE  OF  EVERGREEN  CEANOTHUS 

Nonan  V.  Noste 


BSTRACT:   Fire  plays  an  important  role  in  Ceanothus 
elutinus   habitat.   Its  impact  varies  with  season 
nd  severity  of  fire.   Knowledge  of  the  interaction 
etween  fire  severity  and  evergreen  ceanothus 
abitat  can  assist  managers  in  estimating  the 
ffect  of  fire  on  evergreen  ceanothus  and  in 
eveloping  burning  prescriptions. 


!JTRODUCTION 

?anothus   velutinus    (Dougl.),  evergreen  or  snowbrush 
aanothus,  is  an  important  wildlife  browse  species 
lat  provides  a  critical  winter  food  resource  for 
;er  and  elk  (Klebenow  1962;  Martinka  1976).   Ever- 
reen  ceanothus  is  a  component  of  serai  shrub 
Lelds,  as  well  as  of  open  xeric  or  developing  early 
»ral  conifer  stands.   Evergreen  ceanothus  is  also 
:  special  interest  to  managers  because  it  fixes 
Ltrogen  (Zavitkovski  and  Newton  1968;  Jurgensen 
id  others  1979)  and  competes  with  tree  seedlings 
Jratkowski  and  Lauterback  1974).   Fire  plays  a 
rominent ,  if  not  critical,  role  in  establishing 
id  maintaining  these  shrub  fields  and  forest 
ands.   Fire  can  be  used  in  managing  stands  with  a 
'.anothus   component  (Hall  1977). 

le  following  discussion  of  the  response  of  ever- 
een  ceanothus  to  fire  emphasizes  the  effect  of 
re  treatment  severity.   This  paper  summarizes 
iformation  on  the  biology  of  evergreen  ceanothus 
id  emphasizes  management  strategies  for  using  fire 
)  encourage  or  discourage  reproduction  and  growth. 


'ECIES  CHARACTERISTICS 

ergreen  ceanothus  commonly  grows  in  dense  clumps 
■  patches  but  ranges  from  scattered  individual 
ants  to  nearly  complete  site  domination.   There 
e  two  varieties  of  Ceanothus   velutinus.      Ceanothus 
lutinus   var.  laevigatus    (Hook.)  Torr.  and  Gray 
distinguished  by  smooth  (glabrous)  leaves,  at 
ast  on  the  veins  on  the  underside  of  the  leaves, 
s  range  is  the  west  Cascade  Mountains  from 
itish  Columbia  to  northern  California.  Ceanothus 
i lutinus   var.  velutinus   has  pubescent  leaves 
' vered  with  short  fine  hairs.   It  is  found  east  of 
e  Cascade  Mountains  from  British  Columbia  to 


California  and  Nevada  and 
Colorado  (Hitchcock  and  C 
ceanothus  is  known  under 
shinyleaf,  varnish  leaf, 
stickylaurel,  grease  wood 
seasonal  growth  patterns 
the  Rocky  Mountains  can  b 
phenological  information 
Schopmeyer  1974).   The  we 
is  sometimes  treelike  and 
of  20  ft  (6  m)  (Little  19 
{velutinus)    is  approximat 
to  2m),  occasionally  up 
and  others  1961) . 


east  to  South  Dakota  and 
ronqulst  1961).   Evergreen 
several  aliases,  including 
buckbrush,  wild-lilac, 
,  and  tobacco-brush.   The 
of  evergreen  ceanothus  in 
e  inferred  from  published 
(Schmidt  and  Lotan  1980; 
stern  variety  {laevigatus) 

reaches  a  maximum  height 
79).   The  eastern  variety 
ely  2  to  6  ft  tall  (0.5 
to  13  ft  (4  m)  Hitchcock 


Iper  presented  at  the  Symposium  on  Fire's  Effects 
<  Wildlife  Habitat,  Missoula,  Mont..  March  21,1984. 

nan  V.  Noste  is  Research  Forester,  Intermountain 
search  Station,  Forest  Service,  U.S.  Department 
'  Agriculture,  Missoula,  Mont. 


In  Montana,  Morris  and  others  (1962)  associate 
evergreen  ceanothus  with  Douglas-fir  and  spruce-fir 
zones.   In  north  central  Washington,  evergreen 
ceanothus  is  responsible  for  much  of  the  difference 
in  shrub  cover  in  the  ponderosa  pine  and  Douglas-fir 
forests  (Tiedemann  and  Klock  1976).   Average  cover 
4  years  after  burning  was  12.7  percent  on  south 
slopes  compared  to  6  percent  on  the  west  aspects. 

Explosive  flammability  in  these  stands  is  attri- 
buted to  retention  of  dead  leaves  on  sclerophyllous 
(thick  hard  leaves)  understory  vegetation  such  as 
evergreen  ceanothus.   Fuel  from  winter  dieback  of 
evergreen  ceanothus  could  increase  flammability. 
Stickney  (1965)  attributed  dieback  during  the 
winter  of  1962-63  in  the  Missoula,  Mont.,  area  to 
a  severe  drop  in  temperature  followed  by  a  mild 
period . 

Some  of  the  species  that  dominate  early  successional 
phases  often  have  dormant,  ground-stored,  fire- 
activated  seeds.   This  is  true  of  evergreen  ceano- 
thus, whose  seeds  are  characteristically  small 
(61,400  to  152,000/lb)  (Schopmeyer  1974),  rounded 
to  spherical,  smooth  texture,  and  without  obvious 
means  of  dispersal  much  beyond  the  limits  of  the 
parent  plant  (Lyon  and  Stickney  1976).   Evergreen 
ceanothus  seeds  are  long-lived,  viable  on  forest 
sites  for  200  to  300  years  (Gratkowski  1962),  and 
require  heat  treatment  to  germinate  (Dyrness  1973). 
Pressure  of  the  two  edges  of  the  hilar  fissure 
against  each  other  is  sufficient  to  prevent  moisture 
penetration  into  the  seed.   Heat  induces  germination 
by  opening  the  hilar  fissure  sufficiently  to  permit 
passage  of  water  into  the  seed  (Gratowski  1962). 
The  species  can  resprout  from  the  root  crown  after 
being  burned  and  is  intolerant  to  shade. 

Lyon  and  Stickney's  (1976)  model  for  predicting  a 
plant  species'  success  links  fire  survival  strategy 
to  its  abundance  in  early  serai  communities.   Ever- 
green ceanothus  fits  two  fire  survival  categories. 
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When  the  on-site  survival  mechanism  (meristematic 
tissue)  is  sprouting  from  burned  root  crowns,  their 
model  predicts  a  minor  decrease  in  response  to 
severe  wildfire.   If  the  survival  mechanism  is  long 
viability  on-site  seed,  a  large  increase  after 
these  severe  wildfires  is  expected. 

FIRE  SEVERITY 

The  concept  of  fire  severity  combines  the  effect  of 
the  heat  pulse  up  to  the  above-ground  vegetation 
and  down  into  the  soil  (Ryan  and  Noste  in  press). 
The  heat  pulse  down  has  been  termed  ground  char  and 
is  evaluated  by  classifying  postburn  soil  and  fuel 
characteristics.   When  used  in  relation  to 
Ceanothus   velutinus   reproduction  and  regeneration, 
the  term  "fire  severity"  inplies  that  the  heat 
pulse  is  down  to  the  soil.   It  is  difficult  to 
separate  fire  intensity  and  the  upward  heat  pulse 
from  ground  char  in  evaluating  measures  to  charac- 


terize fire  in  relation  to  fire  effects.   In  the 
literature,  ceanothus  response  has  been  related  to 
several  fire  measures  such  as  intensity  and  percent 
duff  reduction.   This  information  will  be  inter 
preted  in  accordance  with  the  concept  of  fire 
severitv. 


Critical  soil  temperature  inducing  germination 
range  from  113°  to  149°  F  (45°  to  65°  C)  (Gratowsk; 
1962).   A  minimum  8-minute  exposure  to  dry  heat 
induces  germination,  with  further  exposure  having 
no  additional  influence.   Mortality  increases 
heat  treatment  information  on  the  western  variety 
(laevigatus) ,    and  it  is  commonly  inferred  that  it 
also  applies  to  the  variety  velutinus .      Solar 
insolation  on  unburned  sites  apparently  also  is 
often  sufficient  to  stimulate  germination  (Dyrness 
1973).   The  general  relationship  of  Ceanothus 
velutinus   to  fire  severity  is  illustrated  in 
table  1. 


.1 


Table  1. — Response  of  Ceanothus  velutinus    (CEVE)  to  fire  severity^ 


Preburn  condition 


Response 


* 


Extant  plants 

(CEVE  shrubs  present) 


Dormant,  viable  seed 
(CEVE  seed  present  in 
forest  floor  or  ground) 


Aerial  crown 


All  shrubs  resprout 


Untreated 


(below  critical 
temperature) 


Kill 


Shrub 


Mortalitv 


Most  shrubs 
resprout 


Few  shrubs 
killed 


Many  shrubs 
killed 


Fire  treated 


(above  critical  min.  temp.) 


1 


No  seeds  or  extant  plants  present 
(CEVE  absent  from  site  in  all  forms) 


Seeds  remain 
dormant 


Nonlethal  range 


Uppermost 

seeds 

activated 


Most 
activated 


Lethal  range 


NO  RESPONSE 


Few     Many 
seeds    seeds 
killed  killed 


No  resprouts  or  seedling  evident  in  postfire  community 


11' 


Low 


FIRE  SEVERITY  GRADIENT 


HIGI 


Personal  coiranunication,  Peter  F.  Stickney,  Missoula,  Mont.:  U.S.  Department  of  Agriculture,  Forest  Servlci 
Intermountain  Forest  and  Range  Experiment  Station,  Forestry  Sciences  Laboratory,  Feb.  1984. 
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RE  SEVERITY  RELATIONSHIP 

ellminary  results  of  a  study  by  Arno  and 
.nnnemian  (1982)  describe  a  relationship  between 
re  severity  and  establishment  of  evergreen 
anothus.   On  the  Douglas-f ir/ninebark  (Pseudotsuga 
nziesii/Physocarpus  malvaceus)   habitat  type 
fister  and  others  1977)  ,  a  medium  or  hot  wildfire 

broadcast  burn  on  a  site  with  evergreen 
anothus  seed  in  the  soil  produces  an  evergreen 
1  anothus  community  type.   In  Douglas-f ir /blue 
Ickleberry  {Fseudotsuga  menziesii/vacciniim 
cobulare)    types,  a  severe  burn  produces  an  ever- 
jeen  ceanothus  community  type. 

;  a  forest  succession  study,  Stickney  (1980) 
jovides  data  on  plant  response  in  relation  to  fire 
(verity  for  the  larch/Douglas-fir  forests  of 
vstern  Montana.   There  was  no  evergreen  ceanothus 
c  the  plots  before  treatment.   The  subalpine  fir/ 
teencup  beadlily  (Abies   lasioaarpa/Clintonia 
liflora)   habitat  type  was  treated  at  the  Miller 
Ceek  prescribed  fire  study  area  on  the  Flathead 
Jtional  Forest.   Evergreen  ceanothus  became 
ctablished  at  low  levels  (5  and  7  percent  cover  in 
tyears)    on  two  south  exposure  plots  burned  by 
vldfire  (table  2).   This  wildfire  could  be  judged 
sv^ere  based  on  Stickney' s  observation  that  no  duff 
]/er  remained  (DeByle  1981). 


The  western  redcedar/queencup  beadlily  (Thuja 
plioata/Clintonia  uniflora)    grand  fir/queencup 
beadlily  (Abies  grandis /Clintonia  uniflora) ,   and 
Douglas-fir/blue  huckleberry  habitat  types  were 
sampled  at  the  Newman  Ridge  prescribed  fire  study 
area  on  the  Lolo  National  Forest  (Stickney  1980). 
The  cold,  north-slope  western  redcedar/queencup 
beadlily  site  had  no  ceanothus  response  (see 
unit  N2  in  table  2). 

The  four  plots  in  the  grand  fir/queencup  beadlily 
habitat  type  had  varied  response,  with  no  evergreen 
ceanothus  on  a  west  exposure  plot  (W2)  burned  by  a 
relatively  severe  fire.   Lack  of  seed  source  may 
explain  the  absence. 

A  west  slope  site  on  Newman  Ridge  burned  (W3)  by  a 
low-severity  fire  had  a  relatively  high  evergreen 
ceanothus  cover  (24  percent  in  6  years).   When 
treated  with  fires  of  similar  severity,  evergreen 
ceanothus  cover  was  22  percent  after  6  years  on  a 
south  slope  (S2)  compared  to  11  percent  on  an  east 
slope.   A  Douglas-fir/blue  huckleberry  plot  on  a 
south  slope  treated  with  a  severe  fire  had  41 
percent  cover  in  6  years,  which  must  approach  the 
maximum  potential  for  evergreen  ceanothus  establish- 
ment and  growth. 


lole  2. — Fire  effects  on  Miller  Creek-Newman  Ridge  sites  in  western  Montana  (Stickney  1980) 


Dcation , 
\±t   no. 


Habitat  1 
type 


Fire 

intensity 

(water  loss) 


Postburn 
duff  depth 


Duff  reduction 


Evergreen 

ceanc 

thus 

6- 

■year 

Preburn 

postburn 

T)            . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MLler  Creek 


gm 


N6 

Subalpine 

fir 

303 

N7 

Subalpine 

fir 

242 

N8 

Subalpine 

fir 

266 

E6 

Subalpine 

fir 

243 

E8 

Subalpine 

fir 

881 

E9 

Subalpine 

fir 

834 

SI 

Subalpine 

fir 

286 

S2 

Subalpine 

fir 

— 

W3 

Subalpine 

fir 

423 

WIG 

Subalpine 

fir 

519 

W15 

Subalpine 

fir 

228 

N 

man  Ridge 

E3 

Grand  fir 

820 

N2 

Western  redcedar 

1,297 

S2 

Grand  fir 

813 

W2 

Grand  fir 

1,253 

W3 

Grand  fir 

283 

S3 

Douglas-f: 

Lr 

1,976 

7.0 
4.5 
6.0 
2.7 
6.6 
4.7 
4.3 


4.5 
2.4 
6.4 


1.0 
.3 


14 
49 
6 
49 
31 
38 
16 

11 
52 
11 


35 
51 
47 
59 
63 
94 


11 
0 

22 
0 

24 

41 


W:  df ire  in  standing  timber 


S12 
S13 
W6 


Subalpine  fir 
Subalpine  fir 
Subalpine  fir 


All  units  were  in  the  Clintonia  uniflora   phase  of  the  habitat  type  except  unit  S3,  which  is  in  the 
Vaacinium  globulare   phase. 
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Percent  duff  reduction  is  an  index  of  depth-of-char , 
so  the  concept  of  fire  severity  can  be  applied  to 
the  data  in  table  2.   There  is  a  direct  trend 
between  percent  duff  reduction  and  ceanothus  cover. 
The  wildfires  and  prescribed  fires  with  ceanothus 
response  were  severe. 


SPRING  AND  FALL  BURNS 

The  effect  of  spring  and  fall  prescribed  burning  is 
being  studied  on  a  serai  shrub  field  in  a  Douglas- 
fir/ninebark  (Pseudotsuga  menziesii/physocarpus 
malvaceous)   habitat  on  O'Keefe  Creek  near  Missoula, 
Mont.   The  area  is  a  critical  big  game  winter 
range,  and  evergreen  ceanothus  is  an  important 
browse  species  on  the  site.   The  idea  that  more 
severe  fall  prescribed  fires  provide  an  alternative 
to  traditional  spring  fires  to  rejuvenate  serai 
shrub  fields  is  being  evaluated.   Fall  fires  are 
generally  more  severe  because  the  larger  fuels  are 
drier  and  soil  moisture  lower. 

Plots  of  50  and  125  acres  (20  and  50  ha)  were 
burned  on  October  3,  1979,  and  April  16,  1980, 
respectively.   The  fall  of  1979  was  dry,  and  the 
fire  was  Intense  considering  the  limited  fuels  on 
the  site.   Flame  lengths  on  the  fall  fire  averaged 
9  ft  (3  m)  and  contrasted  to  3  ft  (1  m)  flame 
lengths  on  the  spring  burn,   A  detailed  description 
of  fuel  loadings,  fuel  moisture,  weather  conditions, 
and  fire  behavior,  which  were  needed  to  develop  a 
burning  prescription,  has  been  published  along  with 
vegetation  sampling  methods  (Noste  1982). 

Twenty  Individual  evergreen  ceanothus  plants  were 
observed  before  the  burns  and  1  year  after  (1980). 
Twelve  of  20  marked  plants  were  killed  on  the  more 
intense  fall  burn;  there  was  no  mortality  on  the 
spring  burn.   Thus,  first  growing  season  survival 
rates  of  mature  plants  were  40  percent  on  the  fall 
burn  and  100  percent  on  the  spring  burn. 

Evergreen  ceanothus  seedlings  were  not  counted  the 
first  growing  season  after  the  fall  burn  (1980), 
but  many  were  present.   Wildlife  grazing  during  the 
relatively  open  (free  from  snow)  1980-81  winter 
severely  reduced  the  number  of  ceanothus  seedlings. 
In  1981,  evergreen  ceanothus  seedlings  occurred  on 
38  percent  of  the  plots  (0.5  by  0.5  m)  on  the  fall 
burn,  and  the  seedlings  count  indicated  a  density 
of  18,000  seedlings  per  acre  (A5,000/ha).   Seedlings 
have  not  been  seen  on  the  spring  burn.   A  sample  of 
50  plots  (0.5  by  0.5  m)  in  both  the  spring  and  fall 
burn  during  the  fourth  growing  season  (1983) 
indicates  6,500  seedlings  per  acre  (16,000/ha) 
surviving  on  the  fall  burn  and  none  on  the  spring 
burn. 

The  differential  response  of  evergreen  ceanothus  to 
fall  and  spring  burning  is  shown  in  measurements  of 
percent  cover  in  the  following  tabulation: 


Treatment 

Percent 

year 

cover 

Spring 

preburn 

11.5 

1980 

12.7 

1981 

19.6 

1982 

21.5 

Fall 

preburn 

18.5 

1980 

0.2 

1981 

6.7 

1982 

10.4 

i 

During  the  first  growing  season  following  the 
spring  burn,  treatment  cover  (12.7  percent) 
exceeded  the  preburn  value  (11.5  percent).  Cover 
has  nearly  doubled  (21.5  percent)  during  the  third 
growing  season.  All  of  these  plants  resprouted 
from  root  stocks.  The  fall  burn  set  evergreen 
ceanothus  cover  back  to  0.2  percent  the  first  yeaii 
and  in  the  third  growing  season  had  expanded  to  ; 
about  half  of  preburn  coverage  (18.5  and  10.4  ;, 
percent).  This  cover  nearly  all  originated  from  j 
plants  that  resprouted;  small  seedlings  accounted 
for  verv  little. 


DISCUSSION 

Knowledge  of  the  relationship  between  fire  severlt| 
and  evergreen  ceanothus  can  facilitate  developmenn 
of  burning  prescriptions.   Severe  fires  are  gener- 
ally needed  to  establish  evergreen  ceanothus  seed- 
lings.  Some  interactions  between  fire  severity, 
aspect,  and  habitat  type  are  also  significant. 
More  severe  fires  are  needed  In  cool  moist  habitat 
types  than  in  warm  habitat  types.   The  greatest 
potential  for  establishing  evergreen  ceanothus  is 
on  south  slopes,  followed  in  order  by  west  and  ea^ 
slopes.   The  Douglas-fir  habitat  types  have  more 
potential  for  ceanothus  than  grand  fir  habitat 
types.   Subalplne  fir  habitat  types  have  more 
potential  for  evergreen  ceanothus  than  western 
redcedar  habitat  types  on  north  slopes  or  northeasjl 
slopes . 

Success  in  regeneration  and  rejuvenation  of  ever- i 
green  ceanothus  following  burning  is  extremely 
variable,  presumably  due  to  variation  in  duff 
moisture  and  fire  severity  (Wright  and  others 
1979).   Late  summer  or  fall  burns,  however,  do 
increase  the  number  of  seedlings  and  resprouts 
(Wright  and  others  1979).   The  O'Keefe  Creek     , 
results  support  this  claim.   The  more  intense  fal]| 
fire  produced  seedlings  at  O'Keefe  Creek,  whereas 
the  spring  fire  increased  evergreen  ceanothus  cov£ 
in  the  short  run.  i 

Martin  (1982)  has  described  an  effort  to  reduce 
evergreen  ceanothus  in  central  Oregon  ponderosa 
pine  {Pinus  ponderosa).      A   burning  treatment  Is 
designed  to  exploit  stress  on  the  plant  and 
Increase  the  probability  of  mortality.   The  treat- 
ment combines  a  preharvest  underburn  to  weaken 
mature  plants  and  germinate  some  seed,  with  a  sub-' fe 
sequent  postharvest  burn.   This  concept  of  frequer*  !is 
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ess  intense  fires  is  being  evaluated.   Successive 
ires  at  relatively  short  intervals  have  been  shown 
o  retard  shrub  growth  (Isaac  19A0;  Gratowski  1962). 

he  information  presented  here,  although  not  in  the 
orm  of  a  predictive  model,  can  be  used  as  a  guide 
or  estimating  the  effect  of  fire  on  evergreen 
eanothus.   The  manager  wanting  to  increase  or 
ecrease  the  evergreen  ceanothus  component  of  a 
eral  shrub  field  or  a  forest  stand  can  be  more 
pecific  in  setting  objectives  and  evaluating 
esults  and  through  this  process  can  learn  to  manip- 
late  this  species  through  the  use  of  fire.   Weather 
onditions  and  fuel  availability  may  limit  attaining 
he  severity  of  treatment  required  to  accomplish 
urning  objectives. 

ow-severity  spring  burns  can  increase  ceanothus 
over  immediately  and  relatively  inexpensively 
hrough  regrowth  from  root  crowns.   Severe  summer 
id  fall  burns  stimulate  germination  of  ground- 
ored  seed  to  produce  young  plants,  thus  providing 
long-term  increase.   Multiple  low-severity  fires 
rovide  an  approach  for  reducing  the  ceanothus 
jmponent.   Objectives  should  reflect  realistic 
ttainable  increases  in  cover  or  number  of  seed- 
Lngs  and  should  only  reduce  ceanothus  cover  enough 
3  allow  tree  seedlings  to  compete. 
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RESEARCH  SUMMARY 

A  habitat  type  classification  for  the  coniferous 
forests  of  central  and  southern  Utah  includes  the 
hierarchical  taxonomic  system  of  land  classification 
that  is  based  on  potential  natural  vegetation  of  forest 
sites  and  uses  data  from  more  than  720  sample 
stands.  A  total  of  37  habitat  types  within  seven  series 
are  defined  and  described.  A  diagnostic  key  will  help 
in  field  identification  of  the  habitat  types  based  upon 
indicator  plant  species. 

In  addition,  descriptions  of  mature  forest  communitie; 
include  information  on  the  ecological  distribution  of 
all  species.  Potential  productivity  for  timber,  climatic 
characteristics,  surface  soil  characteristics,  and 
distribution  maps  are  provided  for  the  major  types. 
Preliminary  silvicultural  and  wildlife  habitat  implica- 
tions for  natural  resource  management  are  based  on 
field  observations  and  current  information. 
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the  Aquarius  Plateau  north  of  Escalante,  Utah    .6i( 

27.  General  relationship  of  forest  vegetation  on  f 
the  Markagunt  Plateau  near  Cedar  City,  Utah    ..6b 

28.  Relationship  with  previous  habitat  type  classi- 
fications in  central  and  southern  Utah    6 
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NTRODUCTION 

The  forests  of  central  and  southern  Utah  occupy  an 
■ea  of  complex  geology  and  terrain,  contrasting  climatic 
itterns,  and  merging  floristic  regimes.  The  resulting 
[varsity  of  forest  vegetation  is  often  in  various  stages 
if  successional  development  because  of  past  disturbance, 
jach  unit  of  vegetation  may  have  a  host  of  inherent 
source  values  such  as  forage  production  for  livestock, 
ildlife  habitat  for  big  game,  or  timber  for  commercial 
ij'oduction.  These  values  change  as  the  vegetation 
jianges.  Classification  of  the  forests  for  specific,  single- 
isource  purposes  have  often  proved  inadequate  when 
iplied  to  different  resources.  Resource  managers  fre- 
lently  must  rely  upon  a  classification  system  that  is 
it  structured  for  one  purpose  but  rather  serves  a  broad 
lectrum  of  management  needs  simultaneously. 
Classification  of  forested  lands  by  habitat  type  pro- 
des  an  integrated,  ecosystem-management  approach  to 
source  categorization.  Units  within  the  classification 
e  sites  or  areas  of  land.  The  first  habitat  type  system 
I  site  classification  was  developed  by  Daubenmire 
'952)  for  northern  Idaho  and  eastern  Washington.  Later 
)rk  by  Daubenmire  and  Daubenmire  (1968)  refined  the 
•  neept  and  served  as  the  model  for  most  subsequent 
ossifications.  Classifications  have  now  been  developed 
r  many  areas  in  the  Western  United  States  (Pfister 
76).  These  provide  the  resource  manager  with  a  com- 
lan  framework  for  communication,  management,  and 
1  search. 

Within  central  and  southern  Utah,  Pfister  (1972)  has 
iissified  lands  potentially  capable  of  supporting  Abies 
liiocarpa  and  Picea  engelmannii .  Extensive  areas  at 
1  ver  elevations  supporting  montane  forests  remained 
1  studied.  In  1975,  the  Intermountain  Region  and  the 
termountain  Forest  and  Range  Experiment  Station  of 
le  Forest  Service,  U.S.  Department  of  Agriculture, 
f  tered  into  a  cooperative  research  effort  with  the 
Apartment  of  Forestry  and  Outdoor  Recreation  at  Utah 
!ate  University  to  complete  a  State-wide  habitat  type 

<  issification  of  conifer-dominated  lands.  Much  of  the 

<  rly  effort  was  directed  toward  completion  of  a  classifi- 

<  tion  for  northern  Utah,  including  the  Wasatch  and 

1  nta  Mountains.  Results  of  this  work  are  presented  by 
liuk  and  Henderson  (1984).  Beginning  in  1975,  field 

<  iws  led  by  Charles  Kerr  conducted  sampling  on  the 

1  rthern  end  of  the  Wasatch  Plateau  near  Price,  UT.  As 
I  rt  of  a  broad  wildland  classification  and  information 
1  rieval  system,  their  work  has  been  reported  by  Kerr 


and  Henderson  (1979).  Concurrently,  additional  field 
crews  led  by  Steve  Simon  sampled  a  larger  portion  of 
the  same  general  area  in  an  attempt  to  describe  existing 
plant  community  types.  From  1979  to  1981,  an  effort  led 
by  Ronald  Mauk  resulted  in  completion  of  field  sampling 
throughout  central  and  southern  Utah.  Data  from  (1) 
Pfister's  (1972)  thesis,  (2)  Kerr  and  Henderson's  (1979) 
work  near  Price,  (3)  Simon's  work  on  the  Wasatch  Pla- 
teau, and  (4)  fieldwork  from  1979  to  1981  were  combined 
for  analysis  and  classification  of  habitat  types.  The 
resulting  compilation  forms  the  basis  of  this  report. 

The  area  covered  by  this  classification  extends  roughly 
from  Soldier  Summit  and  Thistle  on  U.S.  Highway  6  in 
central  Utah  south  to  the  Arizona  border  (fig.  1).  Specifi- 
cally, the  area  includes  lands  within  three  National 
Forests  (Manti-LaSal,  Fishlake,  and  Dixie)  and  forested 
parts  of  Bryce  Canyon  National  Park  and  Cedar  Breaks 
National  Monument.  A  small  section  of  the  Ashley 
National  Forest  south  of  Duschesne  is  included  because 
it  was  not  considered  within  the  northern  Utah  classifi- 
cation. We  have  also  included  forested  lands  immediately 
adjacent  to  the  above-named  areas,  regardless  of 
ownership. 

The  objectives  of  this  study  were: 

1.  To  contribute  to  a  broad  regional  classification  pro- 
gram of  the  Forest  Service  by  the  development  of  a 
habitat  type  classification  for  conifer-dominated  forest 
lands  of  central  and  southern  Utah  based  upon  the 
potential  climax  vegetation. 

2.  To  describe  the  general  geographic,  topographic,  cli- 
matic, and  edaphic  features  of  each  habitat  type. 

3.  To  describe  the  structural  and  floristic  characteris- 
tics of  late  serai  or  climax  vegetation  of  each  habitat 
type. 

4.  To  present  information  on  successional  development, 
resource  values,  and  management  opportunities  for  each 
habitat  type. 

This  classification  is  intended  to  cover  forested  lands 
that  are  potentially  capable  of  supporting  at  least  25 
percent  canopy  cover  of  conifers,  excluding  the  woodland 
species  oi  Juniperus  osteosperma,  Juniperus  scopulorum, 
Pinus  edulis.  or  Pinus  monophylla.  Some  lands  support- 
ing certain  plant  communities  of  questionable  succes- 
sional status  were  also  not  included.  Riparian  stands 
dominated  by  Populus  angustifolia  or  Populus  fremontii 
were  ignored  unless  Picea  pungens  was  also  present. 
Populus  tremuloides  stands  not  having  a  well-developed 
understory  of  conifer  are  best  described  by  a  more 
specific  classification  resulting  from  the  work  of  the 
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Figure  1.— Area  covered  by  this  classification  (shaded)  showing  counties 
and  major  towns. 


Intermountain  Research  Station  (Mueggler  and  Camp- 
bell, in  prep.).  Likewise,  shrublands  dominated  by 
Quercus  gambelii  or  Cercocarpus  were  ignored  unless  the 
succession  to  conifers  was  obvious. 

To  provide  a  continuity  with  adjacent  areas,  this 
classification  follows  similar  organization  and  terminol- 
ogy established  by  Pfister  (1977)  and  used  in  other  por- 
tions of  the  Intermountain  Region  (Steele  and  others 
1981;  Steele  and  others  1983;  Mauk  and  Henderson 
1984). 


METHODS  ' 

Although  fieldwork  extended  through  15  years  and  i 
involved  many  individuals,  overall  concepts  of  sampling 
procedures  and  approaches  remeiined  relatively  consteinl 
Our  purpose  was  to  develop  a  natural  taxonomic  classii 
cation  of  forest  environments  based  upon  the  potential ) 
climax  vegetation  and  the  site  it  reflects. 


I'ield  Methods 

The  objective  of  field  sampling  was  to  collect  data  on 
full  range  of  environmental  conditions  for  the  forested 
reas  of  central  and  southern  Utah.  The  approach  to 
sunpling  was  similar  to  the  "subjective  without  precon- 
jived  bias"  concept  of  Mueller-Dombois  and  Ellenberg 
974),  in  that  placement  of  plots  was  made  without  any 
ssumption  of  eventual  classification  or  apparent 
pplicability  to  specific  management  problems,  but 
ither  for  the  representation  of  homogeneous  vegetation, 
ield  procedures  generally  follow  those  established  by 
rankhn  and  others  (1970),  and  modified  by  Henderson 
id  West  (1977)  and  Steele  and  others  (1981,  1983). 
Elevational  road  and  trail  transects  were  selected  to 
;flect  the  range  of  environmental  conditions  of  the  area, 
rief  stops  were  made  to  note  characteristics  of  poten- 
al  sample  stands  such  as  overstory,  undergrowth,  sub- 
;rate,  topographic  features,  and  the  relationship  to 
djacent  stands.  Reconnaissance  plots  were  then 
ibjectively  located  in  the  most  representative  and 
omogeneous  parts  of  the  most  mature  stands  of  the 
rea.  Obvious  ecotones,  microsites,  exceptionally  dense 
umps  or  openings,  or  areas  of  recent  severe  disturbance 
ere  avoided. 

Reconnaissance  plots  of  about  one-eighth  acre  (500  m''^) 
ere  circular,  with  the  centers  generally  referenced  to 
hysical  road  or  trail  landmarks  to  make  return  visits 
asier.  For  each  plot,  records  were  made  of  slope  and 
spect  to  the  nearest  degree,  slope  position  and  configu- 
ition,  elevation  to  the  nearest  contour  (USGS  7' 2-  or 
5-minute  topographic  map),  and  general  location. 
Canopy  coverage  amounts  of  all  undergrowth  vascular 
lant  species  were  ocularly  estimated  to  the  nearest  per- 
3nt  from  1  to  10  percent  and  to  the  nearest  5  percent 
lereafter.  Also  noted  was  the  presence  of  species  in  the 
tand  but  not  in  the  plot,  and  species  with  trace 
mounts  less  than  1  percent.  From  1968  to  1970,  Pfister 
sed  six  coverage  classes;  during  the  analysis  these  data 
'ere  converted  to  the  midpoint  of  the  class.  The  practice 
f  multiple  small  quadrats  (Daubenmire  1959;  Daubenmire 
nd  Daubenmire  1968)  was  occasionally  used  for  calibra- 
ion  and  coordination  among  samplers.  All  unidentified 
lants  on  each  plot  were  collected  for  subsequent  iden- 
ification  or  verification. 

Canopy  coverage  estimates  of  tree  species  were  made 
y  three  size  classes:  less  than  1  dm  diameter  at  breast 
eight  (d.b.h.),  1  to  3  dm  d.b.h.,  and  greater  than  3  dm 
•b.h.  A  stem  tally  by  decimeter  diameter  classes  was 
sed  to  calculate  basal  area  and  volume  for  all  plots 
xcept  those  by  Pfister  during  1968  to  1970  and  by 
iimon  during  1976.  Trees  less  than  4.5  feet  (1.37  m)  tall 
/ere  counted  in  a  circular  subplot,  centered  in  the  recon- 
iaissance  plot,  with  an  area  of  1,075  ft^  (100  m').  Several 
elatively  free-growing  trees  of  each  species  for  each  plot 
vere  measured  for  height,  age,  and  diameter  to  estimate 
Towth  and  site  potential. 

On  most  plots,  thickness  of  the  Litter  layer,  texture  of 
he  upper  10  inches  (25  cm)  of  soil,  presence  of  charcoal, 
Jid  relative  presence  of  coarse  fragments  were  noted, 
-over  of  exposed  rock  and  bare  soil  was  recorded.  Bed- 
ock  and  surficial  geology  were  determined  using  geo- 


logic maps  (Stokes  and  Madsen  1961;  Hintze  1963; 
Hintze  and  Stokes  1964). 

Finally,  notes  were  made  on  stand  and  fire  history, 
past  disturbances  by  insects,  disease,  wildUfe,  or  live- 
stock, and  general  relationships  of  the  sampled  stand  to 
proximal  vegetation  types. 

The  data  base  for  the  development  of  the  classification 
consisted  of  727  plots,  of  which  110  were  collected  by 
Pfister  from  1968  to  1970.  From  1975  to  1976,  Kerr 
sampled  76  stands  along  a  narrow  transect  across  the 
Wasatch  Plateau.  In  1976,  an  additional  78  stands  of 
mature  conifer  were  sampled  by  teams  led  by  Simon. 
The  remaining  463  plots  were  obtained  from  throughout 
the  study  area  beginning  in  1979.  The  distribution  of 
sample  stands  is  presented  by  geographical  area  in 
appendix  A. 

Office  Methods 

Analysis  and  compilation  of  a  complete  forest  habitat 
type  classification  for  the  study  area  began  in  early 
1983.  The  general  procedures  used  are  similar  to  work 
elsewhere  in  the  Intermountain  Region. 

1.  Sample  data,  collected  by  teams  led  by  Mauk,  were 
computer-coded.  Stands  were  separated  into  groups  hav- 
ing the  same  potential  climax  tree  species.  Synthesis 
tables  (Mueller-Dombois  and  Ellenberg  1974).  consisting 
of  sample  plot  species  and  canopy  coverage  values,  were 
computer-generated  for  each  group.  These  tables  were 
studied  in  detail  to  determine  consistent  differential  dis- 
tribution of  species.  Synthesis  tables  were  rearranged 
several  times  in  order  to  group  similar  stands  into 
associations. 

2.  Characteristic  vegetational  and  environmental  factors 
for  the  plant  associations  were  identified  and  briefly 
described.  A  first  approximation  of  a  dichotomus  key. 
based  upon  diagnostic  plant  species,  was  developed. 

3.  Constancy  and  average  cover  values  were  calculated 
for  the  important  species  of  each  association.  The  key 
and  preliminary  habitat  type  factors  were  compared  to 
published  classifications  for  the  surrounding  areas  to 
determine  overlap  and  maintain  continuity. 

4.  The  preliminary  key  and  classification  were  field- 
tested  throughout  the  study  area  during  the  summer  of 
1983.  This  helped  validate  the  groupings,  clarify  relation- 
ships with  adjacent  types,  and  derive  potential  manage- 
ment implications. 

5.  During  the  fall  of  1983,  the  additional  sample  stand 
data  were  incorporated.  Repeated  synthesis  tables  with 
new  groupings  reflected  a  continual  revision  based  upon 
the,  supplementary  data  and  field  testing. 

6.  Finally,  a  revised  key  was  written  and  used  to  place 
all  sample  stands  into  their  assigned  type.  This  process 
required  additional  minor  modifications  to  the  key.  Less 
than  4  percent  of  the  sample  stands  did  not  fit  the 
resulting  classification.  These  apparently  represent  eco- 
tones. vegetational  mosaics,  unusual  serai  conditions,  or 
areas  with  unusual  recent  disturbance;  it  is  possible  that 
a  few  may  reflect  potential,  localized  habitat  types  for 
which  we  have  insufficient  data.  Unclassified  stands  are 
briefly  discussed  following  habitat  type  descriptions. 


7.  A  description  was  prepared  for  each  habitat  type, 
including  a  map  showing  the  known  locations,  a  general 
discussion  of  the  physiological  environmental  features 
and  distribution,  the  key  vegetation  and  successional 
trends,  an  overview  of  geologic  and  soil  features,  any 
preliminary  management  implications,  and  the  relation- 
ship to  similar  conditions  described  elsewhere. 

8.  This  classification  can  serve  as  a  foundation  for 
developing  site-specific  management  implications  such 
as  wildlife  habitat  manipulation,  fire  effects  studies,  and 
silvicultural  prescriptions.  One  of  the  key  management 
implications  developed  in  conjunction  with  this  study  is 
the  appraisal  of  timber  productivity  for  natural  stands. 
A  more  detailed  discussion  of  this  is  provided  in  the  dis- 
cussion section  of  individual  attributes  of  habitat  types 
following  type  descriptions. 

Taxonomic  Considerations 

Unfortunately  a  complete,  up-to-date  flora  for  the 
study  area  was  not  available  during  the  field  sampling. 
Therefore,  identifications  were  based  on  a  number  of 
treatments,  including  Harrington  (1954),  Hitchcock 
(1971),  Cronquist  and  others  (1972),  and  Hitchcock  and 
Cronquist  (1973).  Nomenclature  and  synonomy  were  also 
checked  against  Holmgren  and  Reveal  (1966).  Many 
specimens  were  identified  or  verified  by  either  Arthur 
Holmgren  or  Leila  Shultz  of  the  Intermountain  Herbarium, 
Utah  State  University,  Logan.  A  number  of  the  better 
specimens  are  filed  at  this  institution  or  the  Department 
of  Forestry  and  Outdoor  Recreation,  Utah  State  Univer- 
sity. Additional  vouchers  are  deposited  at  the  Inter- 
mountain Station  Herbarium,  Missoula,  MT,  or  the 
Intermountain  Region  Herbarium,  Ogden,  UT. 

A  number  of  species  presented  identification  problems 
for  the  field  crews.  Osmorhiza  chilensis  and  Osmorhiza 
depauperata  are  similar  vegetatively  and  positive  recog- 
nition requires  mature  fruit  (schizocarp).  Following  the 
treatment  of  other  workers  in  the  northern  and  middle 
Rocky  Mountains,  these  species  are  lumped  as  O.  chilensis 
on  the  belief  that  they  are  ecologically  similar.  There 
also  appears  to  be  variability  within  the  Rosa  nutkana- 
R.  woodsii  complex.  Both  are  easy  to  separate  if  flowers 
are  present,  but  our  material  is  most  often  from  shaded 
stands  where  Rosa  reproduces  vegetatively.  Therefore, 
the  single  epithet  woodsii  was  used  for  both.  Artemisia 
arbuscula  and  A.  nova  are  apparently  sharing  morpho- 
logical attributes  when  associated  with  Pinus  ponderosa. 
Fluorescence  in  alcohol,  however,  indicated  a  closer 
affinity  with  A.  nova.  Following  the  treatment  for  Idaho 
and  northern  Utah  (Steele  and  others  1981;  Mauk  and 
Henderson  1984),  the  name  Vaccinium  globulare  was 
adopted  for  type  designation  and  descriptions  involving 
Vaccinium  membranaceum  and  V.  globulare.  Occasion- 
ally it  was  necessary  to  lump  graminoids  by  genus,  such 
as  Poa  and  Carex,  when  vegetative  material  prevented 
complete  identification. 

Complicating  the  taxonomic  identification  of  the  cen- 
tral and  southern  Utah  flora  is  the  presence  of  several 
converging  floristic  regimes.  The  LaSal  Mountains,  for 
example,  represent  a  floristic  outlier  of  the  southern 
Rocky  Mountains  (Cronquist  and  others  1972).  The  Pine 


Valley  Mountains  in  southwestern  Utah  are  at  the  northi 
em  edge  of  the  Mojavean  Desert  flora.  The  northern 
portion  of  the  study  area,  principally  the  Wasatch  Plateau; 
contains  several  species  characteristic  of  the  northern 
Rockies,  including  Physocarpus  malvaceus,  Vaccinium 
globulare,  and  Vaccinium  caespitosum. 

SYNECOLOGIC  PERSPECTIVE  AND 
TERMINOLOGY 

To  maintain  continuity  within  the  classification  effort 
the  following  discussion  of  concept  and  philosophy  is 
taken,  with  only  minor  modification,  directly  from 
Pfister  and  others  (1977)  and  Steele  and  others  (1983). 

The  Habitat  Type  Concept 

A  habitat  type  is  all  land  capable  of  producing  similai 
plant  communities  at  cUmax  (Daubenmire  and  Daubenmir 
1968).  Because  it  is  the  end  result  of  plant  succession, 
the  climax  plant  community  reflects  the  most  meaning- 
ful integration  of  environmental  factors  affecting  vegeti' 
tion.  Each  habitat  type  represents  a  relatively  narrow 
segment  of  environmental  variation  and  is  delineated  b; 
a  certain  potential  for  vegetational  development. 
Although  one  habitat  type  may  support  a  variety  of 
disturbance-induced  or  serai  plant  communities,  the  ulti 
mate  product  of  vegetational  succession  anywhere  with' 
one  habitat  type  will  be  similar  climax  communities. 
Thus,  the  habitat  type  system  is  a  method  of  site  clas- 
sification that  uses  the  plant  community  as  an  indicate 
of  integrated  environmental  factors  as  they  affect  spe- 
cies reproduction  and  plant  community  development. 

The  climax  community  type  provides  a  logical  name 
for  the  habitat  type,  such  as  Abies  lasiocarpa/Ribes 
montigenum.  The  first  part  of  the  name  is  based  on  thi' 
climax  tree  species,  usually  the  most  shade-tolerant  tre 
species  adapted  to  the  site.  This  level  of  stratification  i 
called  the  series  and  encompasses  all  habitat  types  hav 
ing  the  same  dominant  tree  at  climax.  The  second  part 
of  the  name  is  based  on  the  dominant  or  most  diagnos': 
species  in  the  undergrowth  of  the  climax  community.    ' 

Use  of  climax  community  types  to  name  habitat  typf 
does  not  imply  an  abundance  of  climax  vegetation  acrci 
the  present  landscape.  Actually,  most  of  the  vegetatioi 
within  the  study  area  reflects  some  form  of  disturbanc 
and  represents  various  stages  of  succession  towards  el 
max  (refer  to  the  section  on  "Successional  Status"). 
Habitat  type  names  do  not  imply  that  management  be 
directed  toward  climax  vegetation.  In  most  cases,  sera 
species  are  considered  the  most  productive  for  timber 
and  wildlife  values.  Furthermore,  this  method  does  not 
require  the  presence  of  a  climax  stand  to  identify  the 
habitat  type.  It  can  be  identified  during  most  stages  o 
succession  by  comparing  the  relative  reproductive  suc- 
cess of  the  tree  species  present  with  known  succession' 
trends  and  by  inspecting  the  existing  undergrowth  vej 
tation.  During  succession,  the  undergrowth  usually 
progresses  toward  climax  more  rapidly  than  the  tree 
layer.  The  composition  of  the  undergrowth  may  becorr 
relatively  stable  soon  after  the  coniferous  canopy  clos( 
For  stands  in  early  successional  stages,  especially  the: 


tminated  by  young  Populus  tremuloides,  the  habitat 
|pe  can  often  be  identified  by  comparison  with  adjacent 
iture  conifer  stands  having  similar  topographic  and 
faphic  features. 

Habitat  types  share  certain  traits  with  the  systematic 
ixonomy  and  ecology  of  plant  species.  Both  habitat 
'pes  and  plants  have  variable  characteristics  that  com- 
icate  identification  of  individuals  (units  of  land  or 
ant  specimens).  Like  plants,  closely  related  habitat 
'pes  share  many  traits  and  are  distinguished  by  rela- 
vely  few  prominent  features.  Individual  units  of  land 
ithin  a  habitat  type  may  display  some  modal  charac- 
•ristics  and  traits,  but  they  also  have  weak  affinities  to 
;her  habitat  types.  "Hybrid  stands,"  like  plants,  are 
3t  uncommon,  especially  along  transitions  between 
ajor  climatic  regimes  and  floristic  or  physiographic 
rovinces.  Habitat  types  have  geographic  distributions 
iid  geographic  variations  that  follow  regional  patterns 
"  floristics,  climate,  and  topography.  As  with  many 
ant  species,  endemic  and  disjunct  distributions  occur 
ithin  habitat  types. 

In  developing  habitat  type  classifications,  potentially 
(iportant  differential  or  diagnostic  species  (indicator 
Decies)  are  evaluated  in  conjunction  with  stand  charac- 
■ristics,  geographic  distribution  amplitudes,  and  zonal 
>quence  of  the  types.  The  significance  of  habitat  type 
.idicators  is  not  the  presence  of  species  per  se,  but 
ither  their  ability  to  dominate  or  survive  under  com- 
3tition  at  climax  in  a  segment  of  their  environment. 
|he  opportunity  to  dominate  is  determined  by  the  rela- 
ve  ecological  amplitude  of  species.  A  species  must  have 
lOugh  amplitude  to  extend  beyond  the  environmental 
mits  of  its  superior  competitors.  Generally,  this  results 
1  a  species  becoming  the  climax  dominant  on  sites 
here  the  environment  is  not  optimum  for  the  growth  of 
lat  species.  For  example,  Pinus  ponderosa  is  able  to 
jrvive  on  sites  more  droughty  than  Pseudotsuga  men- 
esii,  but  is  usually  more  productive  on  the  more  mesic 
tes  that  also  support  Pseudotsuga.  In  general,  a  spe- 
es  has  the  greatest  opportunity  to  become  a  climax 
ominant  between  its  own  environmental  hmits  or  zone 
(id  the  environmental  limits  of  its  superior  competitors, 
/here  this  climax  dominance  denotes  a  relatively  small 
?gment  of  a  species'  total  ecological  amplitude,  that 
oecies  holds  high  potential  as  a  habitat  type  indicator. 
1  other  cases,  differential  species  are  selected  that  do 
ot  attain  climax  dominance.  These  species  have  rela- 
ively  narrow  ecological  amplitude  and  are  therefore 
seful  for  indicating  that  narrow  segment  of  the 
nvironment. 

The  competitive  ability  of  forest  species  to  survive  at 
limax  depends  on  their  reproductive  methods,  growth 
abit,  shade  tolerance,  and  possible  allelopathic  resis- 
jince  or  influence.  Most  of  our  coniferous  tree  species 
jproduce  primarily  by  seed.  If  seed  production  and  seed 
ed  conditions  are  adequate,  superior  competition  is 
spressed  through  relative  reproductive  rates  and  shade 
Dlerance.  Many  of  the  undergrowth  species,  and  a  few 
onifers,  can  reproduce  vegetatively  and  thereby  achieve 
ti  additional  competitive  advantage.  During  later  suc- 
essional  stages,  vegetative  reproduction  (rhizomes, 
tolons,  root-collar  sprouts,  layering,  and  so  forth)  is 


often  a  primary  factor  in  maintaining  a  competitive  posi- 
tion. As  a  result,  most  species  in  the  forest  undergrowth 
that  are  selected  as  habitat  type  indicators  can  persist 
through  vegetative  reproduction. 

In  any  classification  system,  intergrades  between 
types  exist.  A  choice  exists  between  extreme  concepts  of 
either  (1)  many  narrowly  defined  types  with  resultant 
broad  ecotones  or  (2)  a  few  broadly  defined  types  with 
narrow  ecotones.  This  habitat  type  classification  for  cen- 
tral and  southern  Utah  attempts  to  achieve  a  manage- 
able balance  among  numbers  of  classified  units,  natural 
variation,  and  application  of  the  taxonomy  to  field  condi- 
tions. The  written  descriptions  of  types  portray  modal 
conditions  and  emphasize  the  central  characteristics  of 
the  type.  The  key,  however,  is  written  in  specific  terms 
that  narrow  the  ecotones  for  field  identification.  Some 
variation  is  recognized  within  all  habitat  types.  Where 
possible,  phases  are  defined  to  reflect  major  within-type 
variation.  Often,  this  reduces  the  geographic,  topo- 
graphic, or  edaphic  deviation. 

In  discussing  the  relationship  of  a  habitat  type  to 
certain  environmental  features,  the  general  polyclimax 
concept  of  Tansley  (1935)  has  been  followed.  Thus,  a 
climatic  climax  is  found  on  deep  loamy  soils  of  gently 
undulating  relief;  an  edaphic  climax  develops  on  the 
other  soils  and  types  of  relief,  and  a  topographic  climax 
reflects  compensating  effects  of  aspect  or  different 
microclimatic  effects.  Some  habitat  types  are  exclusively 
one  type  of  chmax,  but  most  can  be  found  in  any 
category,  depending  on  the  interaction  of  specific 
environmental  features.  In  steep  mountainous  terrain, 
climatic  climax  sites  are  generally  scarce,  with  most 
sites  influenced  strongly  by  topographic  features  such  as 
aspect  and  slope.  However,  gentle  terrain  on  the  tops  of 
some  plateaus  within  our  study  area  may  represent 
climatic  climax  sites. 

The  habitat  type  classification  is  useful  to  forest 
management  in  several  ways.  It  provides  a  permanent 
and  ecologically  based  system  of  land  stratification  in 
terms  of  vegetational  development  (Daubenmire  1976).  It 
also  provides  a  classification  system  for  near-climax 
forest  communities.  Each  habitat  type  encompasses  a 
certain  amount  of  environmental  variation,  but  the  vari- 
ation within  a  particular  habitat  type  is  generally  less 
than  between  types.  Thus,  successional  trends  should  be 
predictable  for  each  habitat  type  and  responses  to 
management  treatments  should  be  similar  on  most  lands 
within  the  same  habitat  type  or  phase.  This  should  be 
most  beneficial  to  the  resource  manager  and  land-use 
planner. 

Habitat  Type  Versus  Continuum 
Philosophy 

For  many  years,  ecologists  who  studied  plant  commu- 
nities debated  the  interpretation  of  plant  community 
organization.  Although  there  are  several  philosophies, 
two  extremes  have  developed:  (1)  advocates  of  typal 
communities  argue  that  distinct  vegetational  types 
develop  at  climax  and  reappear  across  the  landscape 
wherever  environmental  conditions  are  similar 
(Daubenmire  1966);  (2)  continuum  advocates  argue  that 


even  at  climax,  vegetation,  like  the  environment,  varies 
continuously  over  the  landscape  (Cottam  and  Mcintosh 
1966).  This  somewhat  academic  debate  need  not  pre- 
occupy natural  resource  managers  and  field  biologists 
who  need  a  logical,  ecologically  based  environmental 
classification  with  which  to  work.  More  important  is  the 
"usefulness"  of  recognizing  discrete  communities  and 
aggregating  them  into  abstract  classes  or  types  for  the 
purpose  of  studying,  planning,  and  communicating 
(Whittaker  1975;  Henderson  and  West  1977).  Therefore, 
the  objective  of  this  classification  effort  is  to  develop  a 
logical  site  classification  based  upon  the  natural  patterns 
of  potential  climax  vegetation.  Local  conditions  that 
deviate  from  this  classification  can  still  be  described  in 
terms  of  how  they  differ  from  the  typal  descriptions 
presented  herein. 

THE  PHYSICAL  SETTING 

A  majority  of  the  study  area  (fig.  2)  is  in  the  Colorado 
Plateau  Province  of  the  Rocky  Mountain  system 
(Fenneman  1931).  The  Pine  Valley  Mountains  in  south- 
western Utah  are  transitional  to  the  Basin  and  Range 
Province.  Within  central  and  south-central  Utah,  the 
Colorado  Plateau  Province  is  referred  to  as  the  High 
Plateaus,  while  southeastern  Utah  belongs  to  the 
Canyon  Lands  section.  The  plateaus  begin  in  central 
Utah  at  the  southern  end  of  the  Wasatch  Mountains 
near  Nephi  on  the  west  and  the  south  end  of  the  Uinta 
Basin  to  the  east.  The  plateaus  then  extend  southward 
almost  to  the  Utah-Arizona  border,  a  distance  of  about 
175  miles  (280  km).  The  western  edge  is  a  high  scarp 
dropping  into  the  Basin  and  Range  Province  of  the  west- 
ern Utah  desert  while  the  eastern  face  overlooks  the 
canyonlands  of  the  Colorado  River.  Major  distinguishing 
features  of  the  plateaus  include  a  relatively  flat  tableland 
with  horizontal  rocks  and  broad  undulating  surfaces, 
retreating  escarpments,  and  great  relief  resulting  from 
incision  of  deep  canyons  below  rather  than  uplifted 
mountain  ranges  (Thornbury  1965).  The  plateaus  are 
separated  from  each  other  by  deep  trenches  containing 
the  Sevier  and  San  Pitch  Rivers,  Otter,  and  Soldier 
Creek.  The  western  section  of  the  Tavaputs  Plateau  is 
the  most  northern  of  the  plateaus  and  is  included  in  the 
Ashley  National  Forest.  The  Wasatch  Plateau  is  the 
largest;  it  and  the  isolated  LaSal  and  Abajo  Mountains 
of  the  Canyon  Lands  section  make  up  the  Manti-LaSal 
National  Forest.  The  Fishlake  National  Forest  contains 
the  southern  extreme  of  the  Wasatch  Plateau,  the 
Pahvant  and  Tushar  Mountains,  and  the  Fish  Lake 
Plateau.  To  the  south,  the  Markagunt,  Sevier, 
Paunsaugunt,  and  Aquarius  Plateaus,  and  the  smaller 
Escalante,  Boulder,  and  Pine  Valley  Mountains  are 
within  the  Dixie  National  Forest. 

Geology 

The  narrow  east-west  trending  Tavaputs  Plateau 
forms  the  southern  rim  of  the  Uinta  Basin  at  8,500  feet 
(2  590  m).  Eocene  deposits  of  lacustrine  shale  and  silt- 
stone  predominate.  These  may  contain  oil  shale,  especially 
in  the  Parachute  Creek  member  of  the  Green  River 
Formation  (Stokes  and  Madsen  1961).  The  Wasatch 
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Plateau  rises  to  over  11,000  feet  (3  350  m)  and  presents  a 
formidable  barrier  to  the  westerly  storm  track.  A  giant 
monocline  on  the  west  side  drops  5,000  feet  (1  520  m)  to 
the  edge  of  the  San  Pitch  Valley.  Sediments  are  chiefly 
Cretaceous  and  early  Tertiary  fluvial  sandstones  and 
mudstone  in  the  North  Horn  Formation  and  limestone  in 
the  Frontier  Formation.  Along  the  eastern  flank,  older 
Cretaceous  sediments  are  exposed,  including  the  Black 
Hawk  Group  known  for  coal  production,  Mancos  Shale, 
and  the  Star  Point  Formation  of  interbedded  sandstone 
and  marine  shale  (Stokes  and  Madsen  1961;  Hintze  and 
Stokes  1964).  The  Fish  Lake  Plateau  has  elevations  similar 
to  the  Wasatch,  but  the  sediments  have  been  covered  by 
volcanic  extrusions.  Late  Tertiary  basalt  and  basaltic 
andesite  flows  are  common  (Hintze  1963). 

The  easternmost  plateau  is  the  Aquarius,  rising  to 
11,600  feet  (3,530  m).  The  Boulder  Mountains  form  a 
subdivision  along  the  northeast  side  while  the  Escalante 
Mountains  form  the  western  front.  Lava  flows  are  exten- 
sive across  most  of  the  central  Aquarius  Plateau.  Much 
of  the  southern  escarpments  expose  Navajo  sandstone  of 
the  late  Jurassic  Period.  The  Escalante  Mountains  con- 
sist of  upper  Cretaceous  Straight  Cliff  sandstone,  a 
massive  coal-bearing  sediment,  and  sandstone  and  sandyi 
shale  of  the  Kaiparowits  Formation,  and  Tertiary  con- 
tinental sediments  ranging  from  limestone  to  coarse 
conglomerate  in  the  Wasatch  Formation  (Hintze  1963; 
Hintze  and  Stokes  1964).  Large  areas  of  the  Plateau, 
mostly  at  lower  elevations,  are  covered  with  recent  allu- 
vium, landshdes,  and  glacial  outwash. 

The  Sevier  and  Paunsaugunt  Plateaus  form  the  middle 
section  of  the  High  Plateaus  and  are  distinguished  by 
the  Sevier  Fault  extending  the  entire  length  along  the 
western  side.  Sediments  on  the  Paunsaugunt  Plateau  art 
similar  to  the  Escalante  Mountains;  the  Wasatch  Forma 
tion  forms  the  top  and  Upper  Cretacous  sandstones  are 
exposed  at  the  escarpments.  Results  of  weathering  are 
vividly  displayed  along  the  flanks  where  Kaiparowits     | 
and  Wahweap  sandstones  are  eroded  away,  especially  in 
Bryce  Canyon  National  Park.  To  the  north,  the  Wasatcl 
Formation  conglomerate  of  the  Sevier  Plateau  has  been 
covered  by  a  thick  blanket  of  andesite-trachyte-latite 
pyroclastics  of  early  Tertiary  time  (Hintze  1963).  This    | 
ash  extends  outward  from  the  11,036-foot  (3  360-m)  top 
of  Mount  Dutton. 

The  western  plateaus  and  mountains  are  lower  in  ele- 
vation than  the  eastern  section.  In  the  north,  the 
Pahvant  Mountains  rise  to  10,000  feet  (3  050  m)  and  are 
chiefly  composed  of  Tertiary  sediments  of  the  North 
Horn  Formation  and  Flagstaff  Limestone.  The  crest  of 
the  range  is  white,  pink,  and  yellow  quEirtzite  and  lime- 
stone of  Cambrian  Period,  Paleozoic  Era  (Hintze  1963). 
To  the  south,  the  Tushar  Mountains  are  mostly  volcanic 
and  include  tuffs,  rhyolite,  and  latite.  Small  areas  are    f 
consohdated  conglomerate  and  volcanic  debris.  These  ar 
all  Pliocene  Epoch,  Tertiary  Period  (Hintze  1963).  The 
large  Markagunt  Plateau  is  similar  to  the  Sevier,  with 
Wasatch  Formation  conglomerate  covered  by  lava,  ande 
site  flows,  latitic  ignimbrites,  and  other  Tertiary  volcan 
rock.  Both  the  Wasatch  and  Kaiparowits  Formation  are 
exposed  at  Cedar  Breaks  National  Monument,  where 
weathering  along  vertical  joints  has  carved  the  walls     ' 
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3ure  2.— Area  covered  by  this  classification  showing  major  mountain 
iges  and  plateaus,  drainage  patterns,  and  selected  weather  stations. 


to  colonnades  of  the  Pink  Cliffs  (Fenneman  1931; 
lornbury  1965). 

Along  the  eastern  Utah  border,  small  portions  of  the 
my  on  Lands  Section  of  the  Colorado  Plateau  Province 
ipport  coniferous  forests.  Two  isolated  sets  of  moun- 
ins  included  in  this  study  are  the  LaSals  and  Abajos; 
•th  are  giant  laccoliths.  The  northern  LaSal  Mountains 
jiar  Moab  have  a  Tertiary  core  of  porphyritic  intrusive 
cks  rising  to  almost  13,000  feet  (3  960  m).  Sediments 
at  have  been  domed  up  include  the  Morrison  Forma- 
)n  of  fluvial  sandstone  and  mudstone  and  Navajo  and 
ayenta  Sandstone  of  Jurassic  and  Triassic  Periods 
■intze  and  Stokes  1964).  Also  present  are  uphfted  and 
ulted  glaciated  grounds  and  moraines.  The  LaSal 
.ountains  are  in  the  midst  of  northwest-trending  salt 


anticlines  (Hunt  1958),  forming  broad  deep  valleys  north, 
west,  and  east  in  Colorado.  To  the  south,  the  Abajo 
Mountains  are  domed  up  with  similar  Tertiary  intru- 
sions. Subsequent  erosion  has  stripped  the  overlying 
sedimentary  rocks  leaving  the  igneous  core.  Sediments 
on  the  flanks  belong  to  the  Mancos  Shale  of  Upper 
Cretaceous,  Dakota  Sandstone,  and  Burro  Canyon  For- 
mation of  Lower  Cretaceous  and  Morrison  Formation  of 
Upper  Jurassic.  Mount  Linnaeus,  Twin  Peaks,  and 
Horsehead  Peak  are  all  near  11,000  feet  (3  350  m).  To  the 
west  along  Elk  Ridge,  lower  elevations  are  older  sedi- 
ments of  Navajo  Sandstone,  Chinle  Formation  of 
Jurassic  Period,  and  Cedar  Mesa  Sandstone  of  Lower 
Permian.  Deep  erosional  dissection  has  created  the  com- 
plex and  jumbled  topography. 


In  the  extreme  southwestern  corner  of  Utah,  the  Pine 
Valley  Mountains  share  features  of  both  the  Colorado 
Plateau  and  the  Basin  and  Range  Province  (Fenneman 
1931).  These  mountains  are  formed  by  the  world's 
largest  known  laccolith  (Cook  1960)  and  rise  to  over 
10,000  feet  (3  050  m).  The  surrounding  sediments  are 
largely  the  Muddy  Creek  Formation  of  tuffaceous  sand- 
stone and  silt  of  the  Tertiary  Period,  forming  low  hills 
and  benchlands.  Also  present  is  the  Claron  Formation  of 
lacustrine  limestone  conglomerate  that  resembles  the 
Wasatch  Formation  of  central  Utah  (Cook  1960). 

Glaciation  has  modified  topographic  features  of  many 
of  the  higher  elevation  plateaus  and  mountains.  The 
Markagunt,  Fish  Lake,  and  Wasatch  Plateaus  appar- 
ently had  an  ice  cap  during  the  Wisconsin  glaciation 
(Thornbury  1965).  Glaciated  ground  and  moraines  are 
common  in  the  LaSal  Mountains,  resulting  from  ice  of 
Pleistocene  time  (Hunt  1958).  The  Boulder  Mountains, 
consisting  of  a  fairly  flat  summit  with  numerous  small 
lakes,  received  the  most  extensive  glaciation  (Cronquist 
and  others  1972). 

Climate 

Baker  (1944)  and  Brown  (1960)  present  generalized 
descriptions  of  climatic  patterns  for  the  mountains  of 
central  and  southern  Utah.  Dominant  factors  influencing 
the  climate  include  latitude,  elevation,  position  within 
the  Intermountain-Great  Basin  Region,  and  distance 
from  the  principal  moisture  sources.  Baker  (1944)  recog- 
nized Utah  as  a  region  of  transition  and  divided  the 
study  area  into  three  subareas.  The  Wasatch  Plateau, 
especially  the  west  slopes  that  fall  away  to  the  Great 
Basin,  has  a  continental  pattern  of  high  winter  snowfall 
and  summer  drought  and  resembles  much  of  the  north- 
ern Utah  mountains.  Beginning  with  the  Pahvant 
Mountains  and  the  Fish  Lake  Plateau  and  extending 
southward,  an  Arizona-type  influence  is  noticeable,  with 
increased  summer  precipitation.  The  east  side  of  the 
Fish  Lake  and  Aquarius  Plateau  and  the  entire  LaSal 
and  Abajo  Mountains  are  affected  by  a  pattern  resem- 
bling that  of  western  Colorado,  including  a  late  summer 
and  fall  peak  in  precipitation.  Throughout  the  higher 
elevations  of  the  study  area,  the  dominant  precipitation 
is  in  the  form  of  winter  and  spring  snow  resulting  from 
Pacific  storms.  Rainfall  from  summer  thundershowers  is 
usually  associated  with  air  masses  moving  northwest 
from  the  Gulf  of  Mexico  or  northeast  from  the  Pacific 
off  southern  California.  Rain  shadow  effects  are  common 
along  the  Wasatch  and  Fish  Lake  Plateaus. 

Temperatures  vary  greatly  with  latitude  and  altitude. 
Inversions  are  common  in  some  of  the  lower  valleys, 
especially  in  the  northern  portion  of  the  study  area.  This 
results  from  a  semipermanent  high  pressure  system  that 
tends  to  dominate  the  Great  Basin  area,  particularly 
during  winter  months  (Brough  and  others  1983).  In 
general,  the  diurnal  variation  in  temperatures  is  rela- 
tively large  during  spring,  summer,  and  fall  but  is 
reduced  during  the  winter.  Brown  (1960)  projects  a  lapse 
rate  of  —3  °F  mean  annual  temperature  per  1,000  feet 
increase  in  elevation  (1.7  °C  per  305  m)  and  a  correspond- 
ing 1.5  to  2.0  °F  (0.8  to  1.1  °C)  decrease  for  each  degree 
of  latitude  northward. 


Summer  convection  storms  delivering  high-intensity 
rainfall,  aided  by  orographic  lifting,  have  been  the  cause 
of  major  debris  floods  within  much  of  the  study  area. 
Rainfall  intensities  as  high  as  2.2  inches  (56  mm)  per 
hour  for  20  minutes  have  been  recorded  on  the  Wasatch 
Plateau  (Meeuwig  1960).  Many  floods  have  destroyed 
historic  drainage  patterns  and  property,  killed  livestock 
and  people,  and  damaged  communities  at  the  base  of  the 
mountains. 

Weather  stations  (fig.  2)  within  the  study  area  are 
rarely  situated  to  obtain  long-term  data  applicable  to  the 
forested  zone.  However,  the  Ephraim  and  Straight 
Canyon  watersheds  on  the  Wasatch  Plateau  are  loca- 
tions of  numerous  Forest  Service  research  efforts.  Data 
from  these  and  other  appropriate  stations  are  discussed 
by  series  in  the  sections  on  individual  attributes  of  habi- 
tat types  following  type  descriptions,  and  are  presented 
by  graphs  in  appendix  H. 

SUCCESSIONAL  STATUS 

Introduced  activities  such  as  logging  and  grazing,  as 
well  as  changes  in  wildlife  use,  have  had  their  effects  on 
the  study  area.  ' 

Logging  History  \ 

i 

Early  logging  activities  in  central  and  southern  Utah 
were  concentrated  in  the  most  accessible,  lower  elevation 
forests  immediately  adjacent  to  small  towns  and  villages, 
homesteads,  and  mining  operations.  Most  cutting  was 
indiscriminant,  and  soil  damage  may  have  occurred  from 
the  steep  drag  trails  running  down  the  hills.  As  early  as  ; 
1870  and  into  the  1880"s,  numerous  small  mills  operated  ■ 
along  the  western  base  of  the  Wasatch  Plateau,  produc- 
ing railroad  ties  for  the  expanding  transcontinental  rail- 
road. Some  of  these  ties  can  still  be  seen  in  Sanpete 
County  (Haymond  1972).  Although  sawtimber  was  abun- 
dant in  the  LaSal  and  Abajo  Mountains,  most  logging 
was  again  intended  for  local  consumption  because  of  the 
great  distances  to  markets  and  the  primitive  nature  of 
transportation  systems  (Peterson  1975).  A  former  Forest' 
Service  policy  throughout  the  area  allowed  for  a  free-use 
system  of  logging,  enabling  early  settlers  to  obtain  i 

timber  for  their  own  buildings,  firewood,  fencing,  and 
prospecting.  Competition  for  this  use  was  especially  con- 
centrated above  the  growing  population  centers  at  the 
base  of  the  Wasatch,  Fish  Lake,  Markagunt,  and  Sevier 
Plateaus.  Loggers  also  apparently  set  fire  to  the  under- 
growth to  remove  all  obstacles  and  allow  easier  over- 
story  removal.  Many  of  these  fires  burned  out  entire 
drainages  (USDA  Forest  Service,  in  prep.). 

Following  establishment  during  the  first  quarter  of 
this  century  of  the  National  Forests  within  the  study 
area,  the  demand  for  wood  products  remained  relatively 
constant.  Portions  of  the  Boulder  Mountains  were 
logged  for  Picea  engelmannii  following  bark  beetle 
epidemics  ending  around  1930.  Much  of  this  material 
was  worked  at  small  saw  mills  that  sprang  up  through- 
out western  Wayne  County  (Duane  Stewart,  Dixie 
National  Forest,  pers.  comm.).  At  least  28  mills  had 
operated  on  the  LaSal  and  Abajo  Mountain  area  prior  to 
1940  (Peterson  1975),  supplying  the  local  ranchers  and 
townspeople  with  a  variety  of  products  on  contract. 


Finally,  during  the  1950's  in  Panguitch,  UT,  a  large- 
capacity  saw  mill  was  established  by  Crofts-Pearson 
Industries.  This  mill,  recently  sold  to  Kaibab  Industries, 
is  primarily  responsible  for  the  dramatic  increase  in 
timber  harvesting  over  much  of  the  study  area.  During 
the  1950's  and  early  1960's,  much  of  the  Pinus  port- 
derosa  and  Picea  engelmannii  from  the  Markagunt, 
Paunsaugunt,  Aquarius,  and  Fish  Lake  Plateaus  was 
transported  to  this  mill.  The  principal  product  was 
2-inch  lumber  (Choate  1965). 

As  a  result  of  this  long  period  of  uncontrolled,  piece- 
meal logging,  followed  by  the  more  recent  large  patch  or 
strip  clearcutting,  old-growth  Pinus  ponderosa  stands 
are  especially  difficult  to  find.  Closer  to  the  larger  com- 
munities of  Manti,  Beaver,  and  Ephraim,  old-growth 
stands  of  Pseudotsuga  menziesii  and  Abies  concolor  at 
low  elevations  are  also  rare. 

Grazing  History 

The  early  cultural  development  of  central  and  southern 
Utah  is  closely  tied  to  domestic  livestock  grazing. 
Explorers,  such  as  Captain  John  C.  Fremont  in  1842  and 
Major  J.  W.  Powell  in  1869,  traveled  across  portions  of 
bhe  study  area  and  noted  the  available  forage  for  live- 
stock. As  early  as  1884,  almost  a  complete  change  in 
vegetation  at  Mountain  Meadows  in  the  Pine  Valley 
il    Mountains  was  attributed  to  heavy  grazing  by  cattle 
and  then  sheep,  followed  by  flash  flooding  (Cottom  1929, 
1961).  During  the  last  half  of  the  19th  century,  the 
Wasatch  and  Fish  Lake  Plateaus  were  used  extensively 
'by  locally  owned  stock  and  herds  of  transient  sheep 
3wned  by  large  operations  centered  outside  Utah.  It  was 
:ommon  for  many  of  the  residents  of  the  small  communi- 
ties that  were  scattered  along  the  valleys  to  own  and 
Imaintain  small  bands  of  sheep  and  cows  to  supplement 
;heir  agricultural  practices  (Peterson  1975).  There  was 
■ittle  control  of  stock  numbers,  and  sheep  were  appar- 
3ntly  driven  into  the  higher  elevations  of  the  mountains 
iwhile  snow  was  still  on  the  ground  (Haycock 
1947).  Beginning  in  the  early  1900's  as  the  Forest 
Reserves  were  transferred  from  the  Department  of  the 
Interior  to  the  Department  of  Agriculture,  the  predeces- 
sors of  the  current  Manti-LaSal,  Fishlake,  and  Dixie  Na- 
-ional  Forests  were  established.  A  key  issue  was  the  per- 
nitting  of  cattle  and  sheep.  U.S.  Department  of 
Agriculture  figures  show  that  1900  was  a  peak  year  for 
liheep  in  Utah,  with  3.8  million  in  the  State;  at  least 
150,000  head  of  cattle  were  on  the  Wasatch  Plateau 
Haymond  1972).  Estimates  of  the  number  of  sheep  for  a 
iingle  grazing  allotment  on  the  present-day  Fishlake  Na- 
ional  Forest  were  as  high  as  120,000.  At  sunset,  local 
esidents  in  the  valley  could  count  the  bands  on  the 
nountain  by  the  clouds  of  dust  raised  on  the  bed 
grounds  (Haycock  1947).  This  number  was  reduced  to 
ibout  2,200  sheep  by  1919,  but  severe  damage  to  the  re- 
source had  already  occurred.  In  an  early  report  to 
/Vashington  Office  supervisors,  Reynolds  (1911)  stated 
he  Wasatch  Plateau  was  "a  vast  dust  bed,  grazed, 
rampled,  and  burned  to  the  utmost.  The  timber  cover 


was  reduced,  the  brush  thinned,  the  weeds  and  grass 
cropped  to  the  roots,  and  such  sod  as  existed  was  bro- 
ken and  worn."  Even  today,  evidence  of  close  trailing, 
bedding,  and  burning  can  be  seen  on  the  Wasatch  and 
Fish  Lake  Plateaus. 


Wildlife  History 

Although  most  big  game  use,  especially  mule  deer  and 
elk,  is  concentrated  in  mixed  shrub  and  aspen  vegetation 
types  within  our  study  area  (Julander  and  Jeffery  1964), 
the  coniferous  forests  of  central  and  southern  Utah  have 
been  significantly  influenced  by  wildlife  populations.  A 
dramatic  increase  in  mule  deer  population  levels  during 
the  1920"s  followed  a  long  period  of  reduced  numbers.  In 
1930,  the  Fishlake,  Manti,  and  Dixie  National  Forests 
reported  about  42,500  deer,  representing  80  percent  of 
the  deer  in  Utah  (Peterson  1975).  This  trend  continued 
into  the  1950's  and  is  at  least  partly  the  result  of  a 
reduction  in  domestic  grazing  permits  coupled  with  the 
implementation  of  new  grazing  systems,  and  increased 
brushfields  resulting  from  escaped  logging  slash  fires 
(Urness  1976). 

THE  HABITAT  TYPE 
CLASSIFICATION 

Thirty-seven  forest  habitat  types  within  seven  series 
have  been  defined  within  the  central  and  southern  Utah 
study  area.  This  seemingly  large  number  of  types 
reflects  the  environmental  diversity  resulting  from 
topography,  climate,  geology,  and  converging  floristic 
regimes. 

For  the  rest  of  this  publication,  the  term  "habitat 
type"  is  abbreviated  to  "h.t."  or  "h.t.'s"  for  the  plural. 
The  h.t.  names  are  also  abbreviated  to  the  commonly 
used  first  two  letters  of  the  genus  and  first  two  letters 
of  the  species  of  the  two  plants  involved.  For  example, 
Abies  lasiocarpa/Ribes  montigenum  is  reduced  to 
ABLA/RIMO.  Complete  scientific  and  abbreviated 
names  of  h.t.'s  are  listed  in  table  1.  Common  names  are 
not  used  within  the  text  to  avoid  confusion  due  to  varia- 
tion in  local  practices  or  customs. 

The  classification  is  presented  in  the  following  order: 

1.  Key  to  the  series,  habitat  types,  and  phases:  The 
first  step  in  correct  identification  of  the  habitat  type  is 
to  become  familiar  with  the  instructions  presented  with 
the  key.  The  key  provides  an  orderly  process  for  first 
determining  the  series,  then  the  habitat  type,  and  finally 
the  phase. 

2.  Series  descriptions:  Common  attributes  of  habitat 
types  having  the  same  potential  climax  overstory  are 
summarized  at  the  series  level.  This  also  presents  a 
general  overview  of  conditions  throughout  the  series. 

3.  Habitat  type  descriptions:  Detailed  type  descrip- 
tions summarize  the  distribution,  physical  environment, 
relative  abundance,  characteristic  vegetation,  appropri- 
ate phasal  distinctions,  and  general  management  im- 
plications. 


Table  1.— Central  and  southern  Utah  coniferous  forest  habitat  types  and 
phases 


Abbreviation 


Habitat  Type  and  Phase 


Abies  lasiocarpa  Series 

Abies  lasiocarpa/Aconitum  columbianum  h.t. 
Abies  lasiocarpa/Physocarpus  malvaceus  h.t. 
Abies  lasiocarpa/Acer  glabrum  h.t. 
Abies  lasiocarpa/Vaccinium  caespitosum  h.t. 
Abies  lasiocarpa/Vaccinium  globulare  h.t. 
Abies  lasiocarpa/Vaccinium  myrtillus  h.t. 
Abies  lasiocarpa/Berberis  repens  h.t. 

-Pinus  flexilis  phase 

■Picea  engelmannii  phase 

-Berberis  repens  phase 
Abies  lasiocarpa/Ribes  montigenum  h.t. 

-Mertensia  arizonica  phase 

■Ribes  montigenum  phase 
Abies  lasiocarpa/Carex  geyeri  h.t. 
Abies  lasiocarpa/Juniperus  communis  h.t. 
Abies  lasiocarpa/Carex  rossii  h.t. 
Abies  concolor  Series 
Abies  concolor/Physocarpus  malvaceus  h.t. 
Abies  concolor/Acer  glabrum  h.t. 
Abies  concolor/Cercocarpus  ledifolius  h.t. 
Abies  concolor/ Arctostaphylos  patula  h.t. 
Abies  concolor/Ouercus  gambelii  h.t. 
Abies  concolor/Berberis  repens  h.t. 

-Juniperus  communis  phase 

-Berberis  repens  phase 
Abies  concolor/Juniperus  communis  h.t. 
Abies  concolor/Symphoricarpos  oreophilus  h.t. 
Picea  engelmannii  Series 
Picea  engelmannii/Ribes  montigenum  h.t. 
Picea  pungens  Series 
Picea  pungens/Equisetum  arvense  h.t. 
Picea  pungens/Juniperus  communis  h.t. 
Picea  pungens/Berberis  repens  h.t. 
Pinus  flexilisPinus  longaeva  Series 
No  h.t.'s  differentiated 
Pseudotsuga  menziesii  Series 

Pseudotsuga  menziesii/Physocarpus  malvaceus  h.t. 
Pseudotsuga  menziesii/Cercocarpus  ledifolius  h.t. 
Pseudotsuga  menziesii/Arctostaphylos  patula  h.t. 
Pseudotsuga  menziesii/Cercocarpus  montanus  h.t. 
Pseudotsuga  menziesii/Quercus  gambelii  h.t. 
Pseudotsuga  menziesii/Berberis  repens  h.t. 

-Pinus  ponderosa  phase 

-Berberis  repens  phase 
Pseudotsuga  menziesii/Symphoricarpos  oreophilus  h.t. 
Pinus  ponderosa  Series 
Pinus  ponderosa/Cercocarpus  ledifolius  h.t. 
Pinus  ponderosa/Arctostaptiylos  patula  h.t. 
Pinus  ponderosa/Artemisia  nova  h.t. 
Pinus  ponderosa/Purshia  tridentata  h.t. 
Pinus  ponderosa/Quercus  gambelii  h.t. 

-Symphoricarpos  oreophilus  phase 

-Quercus  gambelii  phase 
Pinus  ponderosa/Symphoricarpos  oreophilus  h.t. 
Pinus  ponderosa/Muhlenbergia  montana  h.t. 


ABLA/ACCO  h.t. 

ABLA/PHME  h.t. 

ABLA/ACGL  h.t. 

ABLA/VACA  h.t. 

ABLA/VAGL  h.t. 

ABLA/VAMY  h.t. 

ABLA/BERE  h.t. 
-PIFL  phase 
-PIEN  phase 
-BERE  phase 

ABLA/RIMO  h.t. 
-MEAR  phase 
-RIMO  phase 

ABLA/CAGE  h.t. 

ABLA/JUCO  h.t. 

ABLA/GARO  h.t. 

ABCO/PHMA  h.t. 

ABCO/ACGL  h.t. 

ABCO/CELE  h.t. 

ABCO/ARPA  h.t. 

ABCO/QUGA  h.t. 

ABCO/BERE  h.t. 
-JUCO  phase 
-BERE  phase 

ABCO/JUGO  h.t. 

ABGO/SYOR  h.t. 

PIEN/RIMO  h.t. 

PIPU/EQAR  h.t. 
PIPU/JUCO  h.t. 
PIPU/BERE  h.t. 


PSME/PHMA  h.t. 

PSME/GELE  h.t. 

PSME/ARPA  h.t. 

PSME/GEMO  h.t. 

PSME/QUGA  h.t. 

PSME/BERE  h.t. 
-PIPO  phase 
-BERE  phase 

PSME/SYOR  h.t. 

PIPO/CELE  h.t. 

PIPO/ARPA  h.t. 

PIPO/ARNO  h.t. 

PIPO/PUTR  h.t. 

PIPO/QUGA  h.t. 
-SYOR  phase 
-QUGA  phase 

PIPO/SYOR  h.t. 

PIPO/MUMO  h.t. 


Total  number  of  series  =  7 

Total  number  of  habitat  types  =  37 

Total  number  of  habitat  types  and  phases  =  43 
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Arrangement  of  habitat  types  within  keys  tends  to 
progress  along  the  environmental  gradient  from  the  least 
severe  to  the  most  severe.  Often,  the  more  moist  types 
are  encountered  before  the  more  moderate.  Distributions 
of  h.t.'s  are  usually  illustrated  with  dot  maps.  The  den- 
sity of  dots  on  some  maps  is  a  function  of  sampling 
intensity,  as  along  the  northern  Wasatch  Plateau.  Rela- 
tive abundance  of  an  h.t.,  as  an  expression  of  the 
amount  of  land  within  the  study  area  described  by  that 
h.t.,  is  indicated  by  the  terms  "incidental,"  "minor,"  or 
"major."  An  incidental  h.t.  rarely  occurs  throughout  the 
study  area  (therefore  no  map)  but  may  extend  into  a  por- 
tion of  the  study  area  from  elsewhere.  A  minor  h.t. 
seldom  occurs  as  large  acreages  but  may  be  common  in 
the  study  area  with  a  sporadic  occurrence.  It  may  be  of 
major  importance  to  the  resource  manager  as  an  element 
of  diversity.  A  major  h.t.  occupies  extensive  acreages  in 
at  least  some  portion  of  the  study  area.  Arrows  on  some 
dot  maps  indicate  occurrence  of  that  h.t.  beyond  the 
study  area.  Appendix  A  lists  the  actual  number  of 
sample  stands  by  habitat  type,  phase,  and  general 
vicinity. 
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KEY  TO  SERIES,  HABITAT  TYPES, 
AND  PHASES 

READ  THESE  INSTRUCTIONS  FIRST! 

1.  Use  this  key  for  stands  with  mature  coniferous 
overstories  that  are  not  severely  disturbed.  If  the 
stand  has  been  recently  disturbed  by  fire,  logging,  or 
grazing,  or  is  in  an  early  successional  stage,  the  hab- 
itat type  can  be  determined  by  extrapolation  from 
nearby  mature  stands  on  similar  sites  (same 
elevation,  aspect,  geologic  material,  topographic 
position,  and  so  forth). 

2.  Accurately  identify  and  record  canopy  coverage 
estimates  for  all  indicator  species  (appendix  I). 

3.  Record  environmental  data  for  plot  (appendix  I). 


5. 


6. 


Identify  the  correct  potential  climax  tree  species 

using  the  Key  to  Climax  Series.  In  general,  a  tree 

species  is  considered  successfully  reproducing  if  at 

least  10  individuals  (including  established  seedlings) 

per  acre  occupy  or  will  occupy  the  site.  This  often 

requires  careful  evaluation. 

Within  the  appropriate  series  key,  identify  habitat 

type  and  phase.  The  first  habitat  type  or  phase  in 

the  key  that  fits  the  stand,  based  upon  the 

estimates  recorded  on  the  field  form,  is  generally  thf 

correct  one. 

Validate  the  determination  by  using  the  habitat  typi 

and  phase  descriptions  and  additional  information 

presented  in  the  appendixes. 

The  key  is  not  the  classification,  but  rather  a  tool  tc 

access  the  classification.  Before  leaving  the  stand, 

validate  and  record  the  proper  habitat  type  and 

phase. 


Key  to  Climax  Series 

(Do  not  proceed  until  you  have  read  the  instructions.) 

1.  Abies  lasiocarpa  present  and  reproducing  successfully    Abies  lasiocarpa  Series  (itenn  A) 

1.  Abies  lasiocarpa  not  the  indicated  climax   2 

2.  Abies  concoior  present  and  reproducing  successfully Abies  concolor  Series  (itenn  B) 

2.  Abies  concolor  not  the  indicated  climax    3 

3.  Picea  engelmannii  present  and  reproducing  successfully Picea  engelmannii  Series  (item  C) 

3.  Picea  engelmannii  not  the  indicated  climax    4 

4.  Picea  pungens  present  and  reproducing  successfully Picea  pungens  Series  (item  D) 

4.  Picea  pungens  not  the  indicated  climax 5 

5.  Pinus  flexilis  or  Pinus  longaeva  successfully 

reproducing  and  dominant,  often  sharing 

codominance  with  Pseudotsuga Pinus  flexilis-Pinus  longaeva  Series 

(no  h.t.'s  differentiated) 
5.  Pinus  flexilis  and  Pinus  longaeva  absent  or  clearly  serai    6 

6.  Pseudotsuga  menziesii  present  and  reproducing  successfully  .  .   Pseudotsuga  menziesii  Series  (item  E) 
6.  Pseudotsuga  menziesii  not  the  indicated  climax    7 

7.  Pinus  ponderosa  present  and  reproducing  successfully    Pinus  ponderosa  Series  (item  F) 

7.  Pinus  ponderosa  not  the  indicated  climax   8.  Unclassified  Series,  such  as  Populus 

tremuloides  or  Juniperus  scopulorum 
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A.  Key  to  Abies  lasiocarpa  Habitat  Types 
Aconitum  columbianum,  Actaea  rubra,  or  Senecio 

triangularis  at  least  1  percent  cover    Abies  lasiocarpa  /Aconitum  columbianum  h.t. 

(p.  17) 
Not  as  above    2 

2.  Physocarpus  malvaceus  at  least  5  percent  cover   Abies  lasiocarpa/Physocarpus  malvaceus  h.t. 

(p.17)- 
2.  Physocarpus  malvaceus  less  than  5  percent  cover    3 

tJl!.  Acer  glabrum  at  least  1  percent  cover    Abies  lasiocarpa/Acer  glabrum  h.t.  (p.  18)* 

J.  Acer  glabrum  less  than  1  percent  cover    4 

tj|    4.   Vaccinium  caespitosum  at  least  1  percent  cover   Abies  lasiocarpa/Vaccinium  caespitosum  h.t. 

(P  18)* 
4.  Vaccinium  caespitosum  less  than  1  percent  cover 5 

>.  Vaccinium  globulare  at  least  5  percent  cover    Abies  lasiocarpa/Vaccinium  globulare  h.t. 

(p.  19)* 
>.  Vaccinium  globulare  less  than  5  percent  cover 6 

6.  Vaccinium  myrtillus  at  least  5  percent  cover Abies  lasiocarpa/Vaccinium  myrtillus  h.t. 

(P-19) 
6.  Not  as  above    7 

'.  Berberis  repens  or  Pachistima  myrsinites  at 

least  1  percent  cover    Abies  lasiocarpa/Berberis  repens  h.t.  (p. 20) 

7a.  Pinus  flexilis  a  major  overstory  component    Pinus  flexilis  phase  (p. 20) 

7b.  Not  as  above,  Picea  engelmannii  present   Picea  engelmanii  phase  (p. 21) 

7c.  Picea  engelmannii  absent Berberis  repens  phase  (p  22 

^  Berberis  and  Pachistima  less  than  1  percent  cover   8 

8.  Ribes  montigenum  at  least  1  percent  cover,  or 
dominant  shrub  in  normally  depauperate 

undergrov\/th   Abies  lasiocarpa/Ribes  montigenum  h.t.  (p. 23) 

8a.  Mertensia  arizonica,  Mertensia  ciliata, 
Polemonium  pulcherrium,  Trifolium 
longipes,  or  Geranium  richardsonii  at 
least  5  percent  cover,  collectively  or 

individually Mertensia  arizonica  phase  (p.  24) 

8b.  Not  as  above Ribes  montigenum  phase  (p. 24) 

8.  Ribes  montigenum  less  than  1  percent  cover  and  other 

shrub  dominant  in  undergrowth    9 

9.  Carex  geyeri  at  least  5  percent  cover    Abies  lasiocarpa/Carex  geyeri  h.t.  (p. 26) 

9.  Carex  geyeri  less  than  5  percent  cover 10 

10.  Juniperus  communis  at  least  1  percent  cover  Abies  lasiocarpa/Juniperus  communis  h.t. 

(p.  26) 
10.  Juniperus  communis  less  than  1  percent  cover    11 

11.  Carex  rossii  present,  usually  at  least  1  percent  cover  Abies  lasiocarpa/Carex  rossii  h.t.  (p. 27) 

11.  Carex  rossii  absent  Unclassified  conditions 

B.   Key  to  Abies  concolor  Habitat  Types 

1.  Physocarpus  malvaceus  at  least  5  percent  cover  Abies  concolor/Physocarpus  malvaceus  h.t. 

(p.29)* 
1.  Physocarpus  malvaceus  less  than  5  percent  cover    2 

2.  Acer  glabrum  at  least  5  percent  cover    Abies  concolor/Acer  glabrum  h.t.  (p.29) 

2.  Acer  glabrum  less  than  5  percent  cover  3 

3.  Cercocarpus  ledifolius  at  least  5  percent  cover    Abies  concolor/Cercocarpus  ledifolius  h.t. 

(P  30)* 
j^jS.  Cercocarpus  ledifolius  less  than  5  percent  cover  4 

4.  Arctostaphylos  patula  at  least  1  percent  cover Abies  concolor/Arctostaphylos  patula  h.t. 

(p. 30) 
4.  Arctostaphylos  patula  less  than  1  percent  cover    5 
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5.  Quercus  gambelii  at  least  5  percent  cover Abies  concolor/Quercus  gambelii  h.t.  (p. 32)* 

5.  Quercus  gambelii  less  than  5  percent  cover    6 

6.  Berberis  repens  at  least  1  percent  cover    Abies  concolor/Berberis  repens  h.t.  (p.32) 

6a.  Juniperus  communis  at  least  5  percent  cover    Juniperus  communis  phase  (p. 33) 

6b.  Juniperus  communis  less  than  5  percent  cover  Berberis  repens  phase  (p. 33) 

6.  Berberis  repens  less  than  1  percent  cover  7 

7.  Juniperus  communis  at  least  1  percent  cover  Abies  concolor/Juniperus  communis  h.t. 

(P34)* 

7.  Juniperus  communis  less  than  1  percent  cover    8 

8.  Symphoricarpos  oreophilus  at  least  1  percent  cover    Abies  concoior/Symphoricarpos  oreophilus 

h.t.  (p.34) 
8.  Symphoricarpos  oreophilus  less  than  1  percent  cover Unclassified  conditions 

C.  Key  to  Picea  engelmanni  Habitat  Types 
1.  Ribes  montigenum  present,  usually  dominant  shrub 

in  nornnally  depauperate  undergrowth Picea  engelmannii/Ribes  montigenum  h.t. 

(p.36) 
1.  Ribes  montegenum  absent    Unclassified  conditions 

D.  Key  to  Picea  pungens  Habitat  Types 
1.  Equisetum  arvense,  Carex  disperma,  or  Glyceria  elata 

at  least  5  percent  cover  Picea  pungens/Equisetum  arvense  h.t.  (p. 38) 

1 .  Not  as  above    2 

2.  Arctostaphylos  uva-ursi  at  least  1  percent  cover  or 

Juniperus  communis  at  least  5  percent  cover Picea  pungens/Juniperus  communis  h.t.  (p. 3! 

2.   Not  as  above    3 

3.  Berberis  repens  at  least  1  percent  cover    Picea  pungens/Berberis  repens  h.t.  (p. 40) 

3.  Berberis  repens  less  than  1  percent  cover  Unclassified  conditions 

E.   Key  to  Pseudotsuga  menziesii  Habitat  Types 

1.  Physocarpus  malvaceus  at  least  1  percent  cover   Pseudotsuga  menziesii/Physocarpus 

malvaceus  h.t.  (p. 43)* 
1.  Physocarpus  malvaceus  less  than  1  percent  cover    2 

2.  Cercocarpus  ledifolius  at  least  5  percent  cover    Pseudotsuga  menziesii/Cercocarpus 

ledifolius  h.t.  (p. 43) 
2.  Cercocarpus  ledifolius  less  than  5  percent  cover  3 

3.  Arctostaphylos  patula  at  least  1  percent  cover Pseudotsuga  menziesii/Arctostaphylos  patui 

h.t.  (p.44)* 
3.  Arctostaphylos  patula  less  than  1  percent  cover    4 

4.  Cercocarpus  montanus  or  Shepherdia  rotundifolia 

at  least  1  percent  cover   Pseudotsuga  menziesii/Cercocarpus 

montanus  h.t.  (p. 45)* 
4.   Not  as  above    5 

5.  Quercus  gambelii  at  least  5  percent  cover Pseudotsuga  menziesii/Quercus  gambelii 

h.t.  (p.45)* 
5.  Quercus  gambelii  less  than  5  percent  cover    6 

6.  Berberis  repens  at  least  1  percent  cover    Pseudotsuga  menziesii/Berberis  repens 

h.t.  (p.46) 

6a.  Pinus  ponderosa  present Pinus  ponderosa  phase  (p  46) 

6b.  Pinus  ponderosa  absent   Berberis  repens  phase  (p.46) 

6.  Berberis  repens  less  than  1  percent  cover  7 

7.  Symphoricarpos  oreophilus  present Pseudotsuga  menziesii/Symphoricarpos 

oreophilus  h.t.  (p. 47) 
7.  Symphoricarpos  oreophilus  absent    Unclassified  conditions 
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F.  Key  to  Pinus  ponderosa  Habitat  Types 

Cercocarpus  ledifolius  at  least  1  percent  cover    Pinus  ponderosa/Cercocarpus  ledifolius 

h.t.  (p.49)* 
Cercocarpus  ledifolius  less  than  1  percent  cover  2 

2.  Arctostaphylos  patula  or  Ceanothus  martinii 

at  least  1  percent    Pinus  ponderosa/Arctostaphylos  patula 

h.t.  (p. 50) 

2.  Not  as  above    3 

Artemisia  nova  or  Artemisia  arbuscula  at  least 

5  percent  cover  or  the  dominant  shrub  in  normally 

depauperate  undergrowth    Pinus  ponderosa/Artemisia  nova 

h.t.  (p. 50) 
Not  as  above    4 

4.  Purshia  tridentata  at  least  1  percent  cover    Pinus  ponderosa/Purshia  tridentata 

h.t.  (p. 52) 
4.  Purshia  tridentata  less  than  1  percent  cover  5 

Quercus  gambelii  at  least  5  percent  cover Pinus  ponderosa/Quercus  gambelii 

h.t.  (p. 53) 

5a.  Symphoricarpos  oreophilus  at  least  5  percent  cover Symphoricarpos  oreophilus  phase  (p. 53) 

5b.  Symphoricarpos  oreophilus  less  than  5  percent  cover   Quercus  gambelii  phase  (p. 54) 

Quercus  gambelii  less  than  5  percent  cover    6 

6.  Symphoricarpos  oreophilus  at  least  5  percent  cover   Pinus  ponderosa/Symphoricarpos  oreophilus 

h.t.  (p.55)* 
6.  Symphoricarpos  oreophilus  less  than  5  percent  cover 7 

;  Bouteloua  gracilis,  Muhlenbergia  montana,  or 

Oryzopsis  hymenoides  at  least  1  percent  cover, 

collectively  or  individually   Pinus  ponderosa/Muhlenbergia  montana 

h.t.  (p.55) 
,  Not  as  above    Unclassified  conditions 

ncidental  or  minor  habitat  types  in  central  and  southern  Utah;  may  not  be  listed  in  other  charts  and  tables. 


lali 
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DESCRIPTIONS  OF  SERIES, 
HABITAT  TYPES,  AND  PHASES 
Abies  lasiocarpa  Series 

Distribution.— Sites  potentially  capable  of  supporting 
Abies  lasiocarpa  are  abundant  throughout  the  entire 
study  area  and  constitute  the  Abies  lasiocarpa  series. 
This  series  accounts  for  more  than  50  percent  of  the 
sample  stands  used  in  building  the  classification.  The 
series  is  divided  into  11  h.t.'s;  two  have  contrasting 
phases.  Our  h.t.'s  range  from  the  relatively  warm  and 
moist  (ABLA/ACCO,  ABLA/PHMA)  to  cool  and  dry 
(ABLA/JUCO,  ABLA/CARO,  ABLA/BERE)  to  cold 
(ABLA/RIMO).  Generally  the  series  represents  the  mid- 
dle to  upper  elevation  forested  zone.  Only  the  highest 
portions  of  the  Tushar  Mountains  and  the  Aquarius 
Plateau  area  exceed  the  tolerance  limits  of  A.  lasiocarpa; 
these  sites,  if  forested,  belong  to  the  Picea  engelmannii 
series.  Elevations  within  the  Abies  lasiocarpa  series 
range  from  8,100  to  11,000  feet  (2  470  to  3  350  m). 
Within  this  broad  belt,  topography,  parent  material,  and 
exposure  influence  site  characteristics,  resulting  in  the 
diversity  of  h.t.'s.  The  series  most  commonly  occurs  on 
steep  northern  exposures  but  can  also  be  found  on  more 
moderate  slopes  and  other  aspects.  The  warmest  and 
driest  sites,  if  forested,  may  merge  into  the  Pinus 
flexilis-Pinus  longaeva  series.  Nonforested  meadows  or 
shrubfields  may  be  interspersed  throughout.  Lower 
bounds  of  the  series  will  differ  locally,  with  either  the 
Abies  concolor  or  Pseudotsuga  menziesii  series  adjacent. 
Occasionally  the  Picea  pungens  series,  and  especially  the 
PIPU/EQAR  h.t.,  may  be  included  at  lower  elevations. 

Vegetation.— Most  of  the  central  and  southern  Utah 
tree  species  are  associates  within  the  series.  Although 
Abies  lasiocarpa  is  the  climax  tree,  rarely  are  pure  A. 
lasiocarpa  stands  found.  Instead,  Picea  engelmannii, 
Abies  concolor,  or  Pseudotsuga  menziesii  often  are  pres- 
ent as  persistent  serai  associates  and  may  contribute 
greatly  to  the  stand  structure.  Populus  tremuloides  is 
almost  always  an  important  serai  component  and  may 
serve  as  a  nurse  crop.  Only  the  ABLA/VAMY  h.t. 
usually  lacks  P.  tremuloides.  Although  specific  sites  may 
occasionally  support  scattered  Pinus  ponderosa,  the 
Abies  lasiocarpa  series  generally  represents  environ- 
ments beyond  the  temperature  limits  of  Pinus  edulis, 
Juniperus  scopulorum,  and  Juniperus  osteosperma. 

Undergrowth  conditions  range  from  dense,  tall  shrubs 
(ABLA/PHMA,  ABLA/ACGL)  to  depauperate 
(ABLA/RIMO-RIMO,  ABLA/BERE-PIEN).  Low  shrubs 
usually  are  used  as  indicator  species.  Contrasting  condi- 
tions are  represented  by  ABLA/ACCO,  with  diverse 
forbs,  and  ABLA/CAGE,  in  which  graminoids  dominate. 

Soils/climate.— Parent  material  varies  depending  upon 
locale.  A  few  h.t.'s  within  the  series  appear  on  all  geo- 
logic material,  indicating  a  more  zonal  or  climatic  cli- 
max. Other  h.t.'s,  such  as  ABLA/CAGE,  ABLA/JUCO, 
and  ABLA/VAMY,  are  apparently  restricted  to  vol- 
canics.  Depositional  material  has  been  influenced  by  gla- 


cial, residual,  colluvial,  and  fluvial  actions.  As  a  result 
this  diversity,  corresponding  surface  textures  may  rang 
from  relatively  coarse  to  fine.  Surface  rock  and  bare 
ground  also  vary  by  h.t,  with  ABLA/BERE-PIFL  and 
ABLA/JUCO  representing  the  most  harsh  sites.  Litter 
accumulations  are  relatively  constant,  averaging  1.3 
inches  (3.2  cm). 

Climatic  data  for  this  series  are  limited  because  of  th 
lack  of  year-round  recording  stations  at  these  elevation 
The  most  appropriate  information  is  taken  from 
Ephraim  and  Straight  Canyon  watersheds.  Electric  Lal^ 
on  the  Wasatch  Plateau,  and  Blowhard  Mountain  on  th 
Markagunt  Plateau.  In  general,  sites  within  this  series 
are  cold  year-round,  with  mean  annual  temperatures 
below  about  37.4  °F  (3  °C).  Precipitation  is 
predominantly  in  the  form  of  snow,  which  may  persist ' 
until  late  summer.  Frost  is  possible  almost  all  summer 
and  may  be  common  in  restricted  topographic  basins 
and  benches. 

Productivity /management.— Timber  potentials  range 
from  very  low  to  high  and  are  best  described  by  h.t.  0: 
most  sites  having  potential  for  management,  silvicul- 
tural  prescriptions  should  favor  Picea  engelmannii. 
Lower  site  index  and  higher  susceptibility  to  root  rot 
(Fomes  annosus  or  Armillaria  mellea)  prevent  Abies 
lasiocarpa  from  being  intensively  managed.  Hanley  anp 
others  (1975)  discuss  silvicultural  implications  for  ■ 

management  in  the  uneven-aged  stands  common  in  thi; 
series.  When  sites  scheduled  for  overstory  manipulatioi    I 
lie  adjacent  to  natural  openings  such  as  forb  meadows,' 
careful  consideration  should  be  given  to  the  potential  f 
invasion  by  pocket  gophers  {Thomomys  talpoides).  Eco 
logical  processes  and  management  recommendations  ar 
provided  by  Teipner  and  others  (1983)  and  Anderson  ai 
MacMahon  (1981).  Crane  (1982)  reports  on  successionaJ 
pathways  and  fire  effects  for  sites  in  Colorado  that 
appear  similar  to  some  of  our  h.t.'s.  Most  of  our  types 
appear  to  have  long  natural  fire  interveds. 

Wildlife  habitat  values  within  the  series  are 
predominantly  associated  with  summer  range.  Domesti 
livestock  may  find  little  forage  in  many  of  the  h.t.'s  th 
have  depauperate  undergrowth.  Throughout  the  series, 
watershed  protection  should  be  a  key  concern  because 
the  late  snowmelt. 

Other  studies.— Our  Abies  lasiocarpa  series  shares 
many  types  common  to  northern  Utah.  In  addition,  a 
few  types  are  incidental,  occurring  only  in  the  LaSal  ai 
Abajo  Mountains  and  extending  into  Colorado.  These 
relationships  are  discussed  by  h.t.  The  central  and  soui 
ern  Utah  study  area  appears  to  be  the  southern  extent 
of  severed  major  northern  Rocky  Mountain  h.t.'s; 
ABLA/PHMA  and  ABLA/VAGL  apparently  terminate 
near  the  northern  edge  of  the  Wasatch  Plateau.  In  con 
trast,  ABLA/BERE  and  ABLA/RIMO  appear  to  be  ce: 
tered  within  our  study  area  and  become  progressively 
less  prominent  northward. 
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bies  lasiocarpa/Aconitum  columbianum  h.t. 
LBLA/ACCO;  Subalpine  Fir/Monkshood) 


an  Distribution.— ABL A/ ACCO  is  a  major  h.t.  of  the 

lies  lasiocarpa  series  and  occurs  sporadically  through- 
tl  t  the  entire  study  area.  It  represents  moist  and  cool 
atii  !  slopes,  steep  streamside  slopes,  and  mesic  benches. 
(„;il,3vations  are  generally  8,800  to  10,000  feet  (2  700  to 
jiciSOm),  although  one  sample  stand  was  found  as  low  as 
E(  liiSO  feet  (2  250  m)  along  a  stream  bottom.  Undulating 
- stjography  is  most  common,  but  concave  and  straight 
f'Spes  are  also  well  represented.  Exposures  are  generally 
joiirlrthern.  ABLA/ACCO  can  usually  be  found  as  rela- 
t  tely  large,  seepy  microsites  surrounded  by  drier  h.t.'s 
vjes;h  as  ABLA/RIMO,  ABLA/VAMY,  ABLA/CAGE,  or 
^JLA/VACA.  Occasionally,  it  also  represents  a  broad 
zial  ecotone  on  steep  slopes  near  drainage  bottoms, 
t  ow  the  warmer  and  drier  ABLA/BERE  or 
,  /{CO/BERE  h.t.'s. 

H.    Vegetation.— yl6ies  lasiocarpa  is  usually  present  in 
jg  s  al  stands  and  is  the  indicated  climax.  Picea 

eyelmannii  may  codominate  in  serai  stands  and  occa- 
ps  snally  be  long  persistent.  Populus  tremuloides  and 
^.I?udotsuga  menziesii  are  also  serai  associates.  The 
5j:  case  undergrowth  is  characteristically  forby.  A  diverse 
,f(;  asemblage  of  tall  forbs  includes  Aconitum 
\iC]umbianum,  Actaea  rubra.  Delphinium  occidentalis, 
j(C  Uranium  richardsonii,  Senecio  triangularis,  and 

lalictrum  fendleri.  Common  low  forbs  include  Aquilegia 
^gC\'rulea,  Arnica  cordifolia,  Osmorhiza  chilensis,  and 
^[ihrola  secunda.  The  most  common  graminoid  is  Bromus 
jjjf  Cjofus.  A  sparse  shrub  stratum  may  often  overtop  the 
,.(],  h'baceous  layer  and  usually  is  an  extension  from  the 
a  acent  upland  communities.  Ribes  montigenum  is 
iiially  present  while  other  species,  depending  upon 
li  ale,  include  Symphoricarpos  oreophilus,  Vaccinium 
c  spitosum,  Vaccinium  myrtillus,  and  Pachistima 
f>  rsinites.  Sambucus  racemosa  is  also  an  associate, 
e  lecially  in  serai  or  recently  disturbed  stcmds. 


Soils.— Our  sites  have  soils  derived  from  a  variety  of 
parent  materials  including  both  sedimentary  and  igneous 
rocks  (appendix  F).  Many  sites  show  the  influence  of 
fluvial  deposition.  This  and  the  expectantly  high  biomass 
turnover  rates  of  the  undergrowth  result  in  negligible 
cover  of  bare  ground  and  exposed  rock.  Litter  accumula- 
tions averaged  1.6  inches  (4.0  cm),  highest  for  the  series. 
Surface  textures  are  variable,  but  are  predominantly  silt 
loam  (appendix  G). 

Productivity/management.— This  h.t.  represents  the 
highest  potential  timber  yields  for  the  study  area  (appen- 
dixes D  and  E).  However,  many  site-specific  limitations 
for  management  may  reduce  this  expected  volume.  Steep 
slopes  immediately  adjacent  to  riparian  zones  or 
seasonally  wet  soils  will  often  be  major  considerations 
for  timber  management.  On  more  moderate  terrain, 
shelterwood  or  group  selection  systems  should  maintain 
the  cover,  preventing  any  drastic  change  in  water  tables. 
ABLA/ACCO  apparently  provides  quality  summer  range 
habitat  for  numerous  wildlife  species,  especially  big 
game.  Both  deer  and  elk  may  seek  succulent  forbs. 
Water  may  also  be  available  at  seeps  or  adjacent  ripar- 
ian sites.  Squirrels  may  cache  Picea  engelmannii  cones  in 
the  cool,  moist  sites  of  this  h.t. 

Other  studies.— Mauk  and  Henderson  (1984)  describe 
similar  moist  sites  in  northern  Utah  and  name  two  h.t.'s 
based  upon  the  presence  of  Actaea  rubra  or  Streptopus 
amplexifolius.  Although  both  are  often  present  on  moist 
sites  from  our  study  area  and  represent  the  two 
extremes  of  the  moisture  gradient  represented  by  the 
ABLA/ACCO  h.t.,  it  seemed  appropriate  to  select  a 
different  species  that  represented  more  modal  conditions, 
thereby  avoiding  confusion  with  ABLA/ACRU  and 
ABLA/STAM  of  northern  Utah. 

Abies  lasiocarpa/Physocarpus  malvaceus  h.t. 
(ABLA/PHMA;  Subalpine  Fir/Ninebark) 

Distribution.— ABLA/PHMA  is  an  incidental  h.t. 
within  our  study  area,  occurring  only  in  the  northern 
portion  of  the  Wasatch  Plateau.  It  is  more  common  in 
northern  Utah,  southeastern  Idaho,  and  Wyoming  (refer 
to  "Other  Studies").  Our  sites  are  typically  steep  north- 
facing  slopes  at  middle  to  low  elevations  within  the 
Abies  lasiocarpa  zone.  Elevations  range  from  8,200  to 
9,350  feet  (2  500  to  2  850  m).  The  type  represents  the 
most  mesic  conditions  for  the  area.  ABLA/PHMA  is 
usually  bounded  by  ABLA/ACGL,  ABLA/BERE,  or 
PSME/BERE  on  drier  sites.  More  moist  conditions  are 
usually  ABLA/ACCO. 

Vegetation.— ^6zes  lasiocarpa  is  the  indicated  climax 
tree,  but  some  sites  may  be  dominated  by  persistent 
Pseudotsuga  menziesii.  Populus  tremuloides  and  Picea 
engelmannii  are  also  serai  associates.  The  dense  under- 
growth is  dominated  by  tall  shrubs,  including 
Physocarpus  malvaceus,  Acer  glabrum,  Lonicera 
utahensis,  and  Shepherdia  canadensis.  These  overtop  a 
low  shrub  stratum  of  Berberis  repens,  Pachistima 
myrsinites,  Ribes  viscosissimum,  and  Symphoricarpos 
oreophilus.  The  herbaceous  component  is  usually  rela- 
tively sparse  and  includes  only  small  amounts  of  Pyrola 
secunda,  Osmorhiza  chilensis,  Arnica  cordifolia,  and 
Carex  rossii. 
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Soils— Soils  of  the  ABLA/PHMA  h.t.  in  our  study 
area  are  all  derived  from  Cretaceous  sandstones  of  ma- 
rine origin.  Litter  accumulations  average  0.7  inches 
(1.7  cm).  Soils  are  usually  shallow  and  coarse. 

Management/productivity.— ABLA/PHMA  presents 
limited  opportunities  for  timber  management.  Shallow 
soils,  steep  slopes  (sampled  sites  average  65  percent 
slope),  and  competition  from  vegetation  will  preclude 
most  attempts  of  stand  manipulation.  On  the  most  gen- 
tle extremes,  light  shelterwood  systems  may  favor  Picea 
engelmanii  or  Pseudotsuga. 

Other  studies.— ABLA/PHMA  is  a  major  type  along 
the  Idaho-Utah  boundary  (Steele  and  others  1981).  Our 
h.t.  follows  the  same  concept  developed  for  northern 
Utah  (Mauk  and  Henderson  1984). 

Abies  lasiocarpa/Acer  glabrum  h.t. 
(ABLA/ACGL;  Subalpine  Fir/Mountain  Maple) 


Distribution.— The  ABLA/ACGL  h.t.  is  a  minor  type 
in  central  and  southern  Utah.  Our  sample  sites  are  dis- 
tributed sporadically  throughout  portions  of  the 
Wasatch  Plateau  and  the  mountains  to  the  west.  It  also 
occurs  in  the  Pine  Valley  and  LaSal  Mountains.  Sites 
range  in  elevation  from  8,300  to  9,900  feet  (2  530  to 
3  020  m)  and  are  usually  on  steep  straight  slopes  with 
northern  aspects.  The  type  is  usually  found  close  to  the 
drier  ABLA/BERE  h.t.;  slightly  warmer  conditions  at 
the  northern  end  of  the  Wasatch  Plateau  may  belong  to 
ABLA/PHMA. 

Vegetation.— >16ies  lasiocarpa  is  the  indicated  climax 
tree,  but  stands  may  be  dominated  by  other  conifers  in- 
cluding Pseudotsuga  memiesii,  Picea  engelmannii,  Abies 
concolor,  or  sometimes  Picea  pungens.  Populus 
tremuloides  is  also  an  important  serai  associate.  The 
undergrowth  usually  consists  of  multiple  strata.  Acer 
glabrum  and  sometimes  Amelanchier  alni folia  create  a 


notable  tall  shrub  layer.  A  second,  lower  shrub  stratum 
consists  of  Berberis  repens,  Pachistima  myrsinites,  Rosa\ 
woodsii,  Ribes  viscosissimum,  and  Symphoricarpos  \ 

oreophilus.  A  diverse  forb  component  includes  Osmorhiza  \ 
chilensis,  Lathyrus  lanszwertii.  Arnica  cordifolia. 
Thalictrum  fendleri,  and  Smilacina  stellata. 

Soils.— Our  sites  are  on  predominantly  Cretaceous  anc 
Tertiary  sandstone  parent  material.  Sample  stands  in  i 
the  Pine  Valley  and  Tushar  Mountains  had  soils  derived' 
from  andesitic  volcanics.  Litter  accumulations  average 
1.6  inches  (4  cm).  Surface  textures  are  mostly  loam. 

Productivity /management.— Limited  data  suggest 
timber  yields  appear  low  to  moderate  and  represent  relaj 
tive  low  potentials  for  the  series.  Steep  slopes  will 
usually  prevent  conventional  timber  management  prac- 
tices. These  sites  may  provide  excellent  habitat  for  big 
game  because  of  the  structural  diversity  and  quality 
browse. 

Other  studies.— ABLA/ACGL  has  been  described  fronji 
central  Idaho  (Steele  and  others  1981),  eastern  Idaho 
and  western  Wyoming  (Steele  and  others  1983),  and 
northern  Utah  (Mauk  and  Henderson  1984).  This  treat- 
ment follows  that  of  northern  Utah. 


: 


Abies  lasiocarpa/Vaccinium  caespitosum  h.t. 
(ABLA/VACA;  Subalpine  Fir/Dwarf  Huckleberry)' 


Distribution.— ABLA/VACA  is  a  minor  h.t.  in  our 
study  area,  occurring  only  in  the  extreme  northern  por- 
tion of  the  Wasatch  Plateau.  However,  it  may  be  exten 
sive  within  this  distribution.  Our  sites  belong  to  the 
Picea  engelmannii  (PIEN)  phase,  which  serves  as  a        , 
geographical  distinction  between  our  study  area  and 
other  phases  of  this  h.t.  in  northern  Utah  and  Idaho 
(refer  to  "Other  Studies").  The  ABLA/VACA  h.t.,  PIE? 
phase  is  found  on  steep  northern  slopes  at  middle  to  lo' 
elevation  within  the  Abies  lasiocarpa  zone.  Our  sites 
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anged  in  elevation  from  8,400  to  9,600  feet  (2  600  to 

000  m),  and  all  had  slopes  exceeding  45  percent, 
loundaries  with  other  types  are  diverse:  ABLA/PHMA, 
^BLA/BERE,  and  PSME/BERE  may  be  on  warmer 
ites  while  ABLA/RIMO  usually  represents  cooler 
tivironments. 

aj(  i  Vegetation.— /1 6/es  lasiocarpa  is  the  indicated  climax 
ee,  although  mature  stands  may  often  be  dominated  by 
f'icea  engelmannii.  One  stand  contained  Abies  concolor 

Stnstead  of  A.  lasiocarpa,  although  A.  lasiocarpa  is  in  the 
icinity.  This  plot  was  placed  here  rather  than  the  Abies 
->ncolor  series  because  all  other  features  were  common 

this  h.t.  Populus  tremuloides  is  an  important  early 
jral  associate  throughout  the  h.t.  The  undergrowth  is 
ominated  by  a  dense  mat  of  the  low  shrub  Vaccinium 
lespitosum.  Other  shrubs,  usually  present  in  small 
nounts,  include  Pachistima  myrsinites,  Ribes 
ontigenum,  and  Symphoricarpos  oreophilus.  Herba- 

rdftous  species  are  negligible;  only  Arnica  cordifolia, 
athyrus  lanszwertii,  Osmorhiza  chilensis,  and  Pyrola 
'cunda  occur  with  relatively  high  constancy. 
Soils.— All  of  our  sites  have  Cretaceous  sandstone  as 
irent  material.  Common  formations  include  Star  Point, 
rice  River,  and  the  coal-bearing  Black  Hawk.  Bare  soil 
id  surface  rock  are  negligible,  and  litter  accumulations 
.^erage  1.5  inches  (3.9  cm).  Other  soil  data  are  not  avail- 
)le  for  this  h.t. 

Productivity/management.— Timber  potentials  are 
oderate  (appendixes  D  and  E)  and  are  similar  to 
BLA/RIMO.  This  h.t.  has  the  highest  average  site 
dex  ior  Abies  lasiocarpa  in  the  study  area.  However, 
tnber  management  may  be  severely  limited  by  slope 
•nstraints.  Picea  engelmannii  may  be  featured  by  light 
lelterwood  or  small  clearcutting  systems.  Populus 
emuloides  may  sucker  in  response  to  any  major  over- 
cry  manipulation. 

Other  studies.— ABLA/VACA  has  been  described  for 
ontana  (Pfister  and  others  1977),  central  Idaho  (Steele 
id  others  1981),  and  the  Uinta  Mountains  in  northern 
bah  (Mauk  and  Henderson  1984).  These  authors 
scribe  typical  sites  as  gentle  slopes  and  benches  with 
lartzitic  parent  material  and  glacial  outwash  basins 
at  collect  cold  air.  Pinus  contorta  is  the  principal  serai 
ecies  and  is  usually  persistent  with  slow  conversion  to 
hies  lasiocarpa.  Our  sites,  on  steep  northern  slopes 
th  sandstone  parent  material,  support  a  different  tree 
sociation  with  Picea  engelmannii  as  the  principal  serai 
ecies.  Differences  in  undergrowth  vegetation  also 
ist.  Therefore,  the  ABLA/VACA  h.t.  in  central  Utah  is 
considerably  different  ecosystem  than  that  described 

jpi    sewhere,  and  it  is  distinguished  as  the  PIEN  phase. 

est 

hies  lasiocarpa/Vaccinium  globulare  h.t. 
iBLA/VAGL;  Subalpine  Fir/Blue  Huckleberrry) 

Oistribution.— ABLA/VAGL  is  an  incidental  h.t., 
,njown  only  from  the  Huntington  Reservoir  area  on  the 
Vsatch  Plateau.  It  becomes  increasingly  important 

1  rthward  through  northern  Utah  into  southern  Idaho 
( fer  to  "Other  Studies").  Our  sites  range  in  elevation 
I'm  9,200  to  9,350  feet  (2  800  to  2  850  m)  and  occurred 
(  steep,  usually  northern  exposures. 


Vegetation.— The  dense  overstory  of  mature  stands  is 
composed  solely  of  Abies  lasiocarpa  and  Picea 
engelmannii.  Populus  tremuloides  may  be  an  early  serai 
associate  on  some  sites.  The  dense  undergrowth  is 
usually  dominated  by  Vaccinium  globulare,  which  may 
be  overtopped  by  Ribes  montigenum  or  Symphoricarpos 
oreophilus.  Pachistima  myrsinites  is  also  usually  present. 
Sambucus  racemosa  may  persist  in  undisturbed  stands 
but  often  increases  with  any  major  perturbation.  Com- 
mon herbaceous  species  include  Carex  rossii,  Bromus 
ciliatus.  Arnica  cordifolia,  Osmorhiza  chilensis,  and 
sometimes  Lathyrus  lanszwertii. 

Soils.— Soils  are  derived  from  Cretaceous  and  Tertiary 
sandstone.  Litter  accumulations  average  0.6  inches 
(1.5  cm).  Other  data  are  not  available. 

Productivity/management.— Although  limited  data  sug- 
gest that  timber  potentials  are  moderate,  this  h.t.  proba- 
bly has  greater  value  for  watershed  protection. 

Other  studies.— ABLA/VAGL  has  previously  been 
recognized  in  Montana  (Pfister  and  others  1977),  central 
Idaho  (Steele  and  others  1981),  eastern  Idaho  and  west- 
ern Wyoming  (Steele  and  others  1983),  and  northern 
Utah  (Mauk  and  Henderson  1984).  Similar  conditions 
have  been  described  by  Kerr  and  Henderson  (1979)  on 
the  Wasatch  Plateau  as  the  Abies  lasiocarpa/Vaccinium 
membranaceum  h.t.  This  description  for  our  study  area 
follows  the  concept  developed  for  northern  Utah. 

Abies  lasiocarpa/Vaccinium  myrtillus  h.t. 
(ABLA/VAMY;  Subalpine  Fir/Myrtle 
Whortleberry) 

Distribution.- ABLA/VAMY,  a  minor  h.t.  of  our  study 
area,  is  locally  common  only  in  the  LaSal  Mountains.  It 
occurs  on  moderate  to  steep  slopes  having  northern  ex- 
posures. Elevations  range  from  10,000  to  10,600  feet 
(3  050  to  3  230  m)  and  generally  represent  the  middle  to 
upper  portion  of  the  Abies  lasiocarpa  zone.  Adjacent 
warmer  sites  usually  belong  to  ABLA/BERE  or 
ABL A/CAGE.  Cooler  sites  most  often  are  within  the 
ABLA/RIMO  h.t.  Occasionally,  ABLA/VAMY  will  be 
adjacent  to  moist  seepy  microsites  that  may  key  to 
ABLA/ACCO. 

Vegetation.— Mature  stands  are  usually  dense  and  con- 
sist of  a  codominance  of  Abies  lasiocarpa  and  Picea 
engelmannii.  Pseudotsuga  menziesii  was  observed  in  one 
low-elevation  stand.  ABLA/VAMY  is  unique  for  our 
study  area  in  that  Populus  tremuloides  is  apparently  not 
capable  of  tolerating  environmental  conditions  of  this 
h.t.  Populus  tremuloides  is  a  prominent  serai  component 
in  ABLA/CAGE  and  also  occurs  in  ABLA/BERE  and 
ABLA/RIMO  that  may  be  on  similar  substrates.  Steele 
and  others  (1983)  noted  a  comparable  relationship  with 
Vaccinium  scoparium  in  eastern  Idaho  and  western  Wyo- 
ming. Limited  soil  data  from  the  LaSals  suggest  that  lit- 
ter formed  from  Vaccinium  myrtillus  may  exceed  the 
acidity  tolerance  of  P.  tremuloides.  Once  incorporated 
into  the  mineral  soil,  the  organic  material  may  lower  soil 
pH  values  and  reduce  the  lateral  extension  of  P. 
tremuloides  roots.  Normally,  the  undergrowth  of  the 
ABLA/VAMY  h.t.  is  a  dense  carpet  of  the  low-growing 
shrub  V.  myrtillus.  This  is  usually  overtopped  by  scat- 
tered Lonicera  involucrata  and  Ribes  montigenum.  Her- 
baceous species  include  Bromus  ciliatus,  Arnica 
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cordifolia,  Lathyrus  lanszwertii,  Osmorhiza  chilensis, 
Pedicularis  racemosa,  Polemonium  pulcherrimum,  and 
Pyrola  secunda. 

Soils.— Soils  are  usually  shallow  and  rocky  and  are 
derived  from  intrusive  porphyritics.  Bare  soil  is  negligible, 
but  sites  may  have  exposed  rock.  Litter  accumulations 
average  1.1  inches  (2.9  cm),  relatively  low  for  the  Abies 
lasiocarpa  series.  Surface  textures  are  predominantly  silt 
loam. 

Productivity/management.— Limited  timber  production 
data  suggest  that  ABMY/VACA  may  be  similar  to 
ABLA/BERE,  PIEN  phase  for  P.  engelmannii  site  index 
(appendix  D).  Attempts  to  regenerate  Picea  would  be 
most  successful  using  small  clearcut  or  shelterwood  sys- 
tems. This  h.t.  may  provide  important  watershed  values 
of  delayed  snowmelt.  Wildlife  attributes  include  summer 
hiding  and  thermal  cover  and  limited  forage  for  big 
game  in  mature  stand  conditions. 

Other  studies.— Our  ABLA/VAMY  is  similar  to  sites 
in  western  Colorado,  Arizona,  and  New  Mexico  that  have 
undergrowth  dominated  by  Vaccinium  myrtillus 
(Hoffman  and  Alexander  1983;  Hoffman  and  Alexander 
1980;  Kormarkova  1982;  Hess  and  Wasser  1982;  Moir 
and  Ludwig  1979).  However,  these  authors  also  include 
Vaccinium  scoparium  in  the  association  along  with  a 
variety  of  other  shrubs  and  moist-site  forbs  and  name 
the  h.t.  Abies  lasiocarpa/Vaccinium  scoparium.  Often 
Picea  engelmannii  is  added  to  the  name.  ABLA/VASC  is 
a  widespread  and  important  h.t.  of  Montana,  Idaho, 
Wyoming,  and  northern  Utah  (Pfister  and  others  1977; 
Steele  and  others  1981;  Steele  and  others  1983;  Hoffman 
and  Alexander  1976;  Mauk  and  Henderson  1984).  Sites 
in  these  areas  characteristically  support  Pinus  contorta 
as  a  dominant  serai  associate.  Timber  management 
within  the  ABLA/VASC  h.t.  is  usually  directed  toward 
artificial  regeneration  of  even-aged  stands  of  P.  contorta. 
In  contrast,  our  ABLA/VAMY  appears  sufficiently 
different  because  of  the  apparent  lack  of  Pinus  contorta. 
In  order  to  avoid  confusion  in  management  implications 
with  the  ABLA/VASC  h.t.  found  in  the  Uinta  Moun- 
tains, the  Vaccinium  myrtillus  epithet  was  chosen. 


Abies  lasiocarpa/Berberis  repens  h.t. 
(ABLA/BERE;  Subalpine  Fir/Oregon  Grape) 


+  -  PIFL  Phase 
O-  PIEN  Phase 
•-   BERE     Phase 

Distribution.— ABLA/BERE  is  a  major  h.t.  of  the 
middle  and  northern  Rocky  Mountains  and  occurs 
throughout  our  study  area.  It  is  usually  found  at  middle 
to  lower  elevations  within  the  Abies  lasiocarpa  zone. 
Wide  geographic  distribution  and  contrasting  environ- 
mental characteristics  allow  the  h.t.  to  be  divided  into 
three  phases,  with  differing  management  opportunities 
based  upon  overstory  associates.  In  general, 
ABLA/BERE  occupies  relatively  cool  and  dry  environ- 
ments. Elevations  range  from  8,100  to  10,800  feet  (2  47C 
to  3  290  m),  but  the  type  is  most  often  found  between 
9,000  and  10,000  feet  (2  750  to  3  050  m).  Aspects  are 
usually  northern,  with  variation  discussed  by  phase. 
Slopes  are  gentle  to  steep,  with  a  variety  of  configura- 
tions. ABLA/BERE  is  often  found  below  ABLA/RIMO 
and  above  either  ABCO/BERE  or  PSME/BERE.  Other 
boundaries  are  discussed  by  phase. 

Vegetation.— A 6jes  lasiocarpa  is  the  indicated  climax 
tree  and  is  often  present  in  early  serai  stands.  Populus 
tremuloides  is  an  important  serai  species  throughout  th( 
type.  Other  associates  vary  with  phase.  Mature  stands 
are  often  dense,  with  almost  complete  shading  of  the 
undergrowth.  A  light  to  moderately  dense  stratum  of 
shrubs  is  conspicuous  in  all  phases  and  includes  Berberi 
repens,  Pachistima  myrsinites,  Rosa  woodsii,  and  Sym- 
phoricarpos  oreophilus. 

Pinus  flexilis  (PIFL)  phase:  The  warmest  and  driest 
portion  of  the  ABLA/BERE  h.t.  is  represented  by  the 
PIFL  phase,  which  occurs  on  Eill  aspects  at  middle  to 
upper-elevation  positions  on  straight  slopes.  The  PIFL 
phase  may  be  adjacent  to  drier  sites  belonging  to  the 
Pinus  flexilis-Pinus  longaeva  series,  especially  on  more 
southerly  exposures.  More  moist  or  cooler  sites  belong 
to  other  phases  of  ABLA/BERE  or  ABLA/RIMO.  This 
phase  can  be  found  throughout  the  range  of  the  h.t.  but 
is  more  common  in  the  southern  portions  of  the  study 
area. 
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1  Mature  stands  are  older  than  in  the  other  phases 
iverage  age  of  overstory  was  253  years)  and  usually 
ijntain  a  mixture  of  Abies  lasiocarpa,  Pinus  flexilis,  and 
seudotsuga  menziesii  in  codominance  (fig.  3).  Picea 
igelmannii,  if  present,  will  normally  be  confined  to  the 
lost  moist  and  protected  microsites.  Abies  concolor  or 
icea  piingens  may  be  locally  abundant,  especially  on 
le  Markagunt  and  Paunsaugunt  Plateaus.  In  addition 
)  the  normal  shrub  association,  Juniperus  communis 
nd  Ribes  cereum  are  usually  present.  Amelanchier 
Inifolia  may  account  for  small  coverages.  Ribes 
lontigenum  is  present  in  small  amounts  on  sites  usually 
bove  9,500  feet  (2  900  m),  representing  colder  conditions 
pproaching  the  ABLA/RIMO  h.t.  More  graminoids  may 
e  present  in  this  phase  than  others.  This  stratum 
sually  contains  small  clumps  of  Carex  rossii  and  scat- 
;red  Bromus  ciliatus,  Poa  fendleriana,  and  Sitanion 
ystrix.  Forbs  are  usually  inconspicuous;  only 
.stragalus  miser,  Achillea  millefolium,  and  Thalictrum 


fendleri  are  present  in  at  least  50  percent  of  the  mature 
stands. 

Picea  engelmannii  (PIEN)  phase:  Cooler  and  more 
moist  portions  of  the  ABLA/BERE  h.t.  are  represented 
by  the  PIEN  phase.  It  occurs  throughout  the  range  of 
the  type  and  represents  lower  to  upper  portions  or 
straight  or  concave  slopes.  Undulating  topography  can 
also  be  found.  Exposures  are  strongly  confined  to  the 
most  northern  aspects.  Slopes  range  from  gentle  to  over- 
steepened  and  average  42  percent.  This  phase  usually 
represents  a  broad  ecotone  between  the  BERE  phase 
and  colder  sites  belonging  to  ABLA/RIMO  or 
PIEN/RIMO.  Pseudotsuga  menziesii  and  Picea 
engelmannii  share  a  serai  role  with  Populus  tremuloides. 
Mature  stands  are  much  younger  than  the  PIFL  phase; 
our  overstories  averaged  161  years.  Abies  lasiocarpa  and 
Picea  engelmannii  are  normally  codominant  in  mature 
and  climax  conditions. 


Figure  2>.— Abies  lasiocarpa/Berberis  repens  h.t.,  Pinus  flex- 
ilis phase  in  the  Escalante  Mountains  near  Bryce  Canyon 
National  Park.  The  site  is  on  a  steep  southwest-facing  slope 
at  9,960  feet  (3  040  m).  Pseudotsuga  menziesii  and  Pinus 
flexilis  dominate  the  overstory.  Abies  lasiocarpa  and  Picea 
engelmannii  occur  in  the  understory.  Undergrowth  species 
include  Berberis  repens.  Ribes  montigenum.  Bromus  cilia- 
tus, and  Poa  fendleriana. 
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The  dense  overstory  shades  out  most  undergrowth 
species  (fig.  4).  In  addition  to  the  normal  hght  shrub 
association,  Ribes  montigenum  may  be  present,  espe- 
cially on  sites  above  9,000  feet  (2  740  m).  Few  grami- 
noids  are  present.  Common  forbs  include  Aquilegia 
coerulea,  Osmorhiza  chilensis.  Pyrola  secunda,  and 
Thalictrum  fendleri.  Lathyrus  lanszwertii  may  occur  in 
serai  stands  under  Populus  tremuloides.  Arnica  cordifolia 
may  be  found  on  sites  on  the  Wasatch  Plateau. 

Berberis  repens  (BERE)  phase:  The  modal  portion  of 
the  h.t.  occurs  on  moderate  to  steep  lower  to  middle 
slopes  throughout  the  range  of  the  h.t.  It  represents  cool 
and  dry  conditions  in  between  the  other  phases. 
Exposures  are  usually  northwest  to  northeast.  In  addi- 
tion to  other  phases  of  the  ABLA/BERE  h.t.,  this  phase 
may  be  bounded  by  ABLA/JUCO,  ABLA/RIMO,  or 
PIEN/RIMO  on  colder  sites.  Adjacent  warm  sites 
usually  belong  to  PSME/BERE,  ABCO/BERE,  or  the 
Picea  pungens  series. 

Both  Pseudotsuga  menziesii  and  Populus  tremuloides 
are  important  serai  species.  Piceo  pungens  and  Abies 
concolor  are  locally  common.  Mature  to  climax  stands 
(ours  averaged  122  years  old)  may  be  dominated  solely 
by  Abies  lasiocarpa.  In  addition  to  the  light  shrub 
stratum  listed  for  the  h.t.,  Juniperus  communis  and  the 


graminoids  Carex  rossii  and  Bromus  ciliatus  are  usually 
present.  Common  forbs  include  Thalictrum  fendleri, 
Osmorhiza  chilensis.  Astragalus  miser,  and  Achillea 
millefolium.  Lathyrus  lanszwertii  is  common  in  serai 
stands. 

Soils.— Our  ABLA/BERE  is  usually  found  on  collu- 
vium  or  residual  material  derived  from  limestone  or 
sandstone  parent  materials  (appendix  F).  All  three 
phases  occur  most  often  on  the  Wasatch  Formation,  a 
continental  deposit  of  coarse  conglomerate,  sandstone, 
and  limestone  from  the  Tertiary  Period.  Both  the  PIEN 
and  PIFL  phases  also  occur  on  other  Tertiary  and 
Cretaceous  sandstone  rocks,  including  the  North  Horn, 
Star  Point,  and  Black  Hawk  Formations.  A  few  sites  in 
each  phase  are  also  of  igneous  origin,  especially  in  the 
Abajo  and  LaSal  Mountains  and  the  Aquarius  Plateau. 
The  Mount  Button  area  of  the  Sevier  Plateau  and  the 
Delano  Peak  area  in  the  Tushar  Mountains  are  of  mixed! 
volcanic  origin,  with  BERE  and  PIFL  phases  commonlyf 
represented.  In  general,  soils  are  normally  shallow  and 
coarse.  Surface  textures  range  from  sandy  loam  to  clay 
loam.  Bare  soil  and  exposed  rock  are  common;  amounts 
of  exposed  rock  and  boulders  may  be  as  high  as  40  per- 
cent in  the  PIEN  phase.  Areas  of  bare  soil  averaged  12 
percent  in  the  PIFL  phase  and  less  for  other  phases. 


Figure  A.— Abies  lasiocarpa/  Berberis  repens  h.t.,  Picea  engelmannil  phase  on 
a  cool,  flat  bench  north  of  Navajo  Lake  on  the  Markagunt  Plateau  (9,600  feet, 
2  930  m).  Abies  lasiocarpa.  Picea  engelmannii,  and  remnant  Populus 
tremuloides  comprise  the  overstory.  The  undergrowth  contains  small  amounts 
of  Berberis  repens,  Ribes  montigenum,  and  Carex  rossii. 
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Litter  accumulations  average  1.3  inches  (3.3  cm)  for 
BERE  and  PIEN  phases  but  only  0.9  inch  (2.4  cm)  for 
the  PIFL  phase. 

Productivity/management.— Timber  potentials  range 
from  low  to  moderate  and  vary  with  phase  (appendixes 
D  and  E).  Yields  are  highest  in  the  PIEN  phase  and 
lowest  in  the  PIFL  phase.  Both  PIEN  and  BERE 
phases  represent  areas  having  potential  for  timber 
management  if  sound  silvicultural  prescriptions  are 
applied.  Picea  engelmannii  and  Pseudotsuga  menziesii 

E!  may  be  favored  by  light  shelterwood  or  small  clear- 
cutting  systems  in  the  PIEN  phase.  Picea  pungens  may 
be  the  most  productive  species  to  feature  in  the  BERE 
phase,  if  it  is  common  locally.  The  PIFL  phase  may  rep- 
resent sites  with  values  other  than  timber  production; 
lack  of  regeneration  success  and  slow  growth  rates 
should  preclude  most  stand  manipulations.  Throughout 

iiiBthe  h.t.,  opportunities  exist  for  managing  aspen,  espe- 
ially  for  wildlife  habitat  values  such  as  increased  forage 
ind  browse  for  deer.  Elk  may  also  use  these  sites  exten- 

1j)    sively  during  the  summer.  The  BERE  and  PIEN  phases 

Bl    -epresent  areas  of  prolonged  snowpack  accumulation  and 
;hus  may  be  important  for  watershed  protection. 

Other  studies.— ABLA/BERE  was  first  described  in 
Utah  by  Pfister  (1972).  He  found  the  same  common 
association  of  four  shrubs  and  designated  them  the 
Berberis  repens  union.  His  concept  of  the  ABLA/BERE 
ti.t.  is  broader  than  this  h.t.;  it  includes  our 
/VBLA/ACGL,  all  three  phases  of  our  ABLA/BERE, 
/VBLA/CAGE,  ABLA/JUCO,  and  ABLA/CARO,  and 
portions  of  ABLA/RIMO.  Pfister  suggested  three  phases 
to  subdivide  the  h.t.,  based  upon  presence  or  absence  of 
Ribes  montigenum  and  Picea  engelmannii.  His  Ribes 
montigenum  phase  represented  highest  elevation  sites 
and  his  Abies  lasiocarpa  phase  described  lowest  eleva- 
tion conditions.  Our  concept  of  the  h.t.  and  phases  fol- 
lows that  of  northern  Utah  (Mauk  and  Henderson  1984), 
with  a  PIFL  phase  for  dry  exposures  and  a  BERE  phase 
For  modal  conditions.  The  use  of  Picea  engelmannii 
rather  than  Ribes  montigenum  for  a  phasal  break  was 
aased  upon  the  similarity  of  stand  conditions  and  the 
anticipated  resource  interpretations  concerning  timber 
management.  The  ABLA/BERE  h.t.  has  also  been 
described  from  southeastern  Idaho  and  western 
iVyoming  (Steele  and  others  1983)  and  the  northern  por- 
:ion  of  the  Wasatch  Plateau  (Kerr  and  Henderson  1979). 


Abies  lasiocarpa/Ribes  montigenum  h.t. 
(ABLA/RIMO;  Subalpine  Fir/Mountain 
Gooseberry) 


O  -   MEAR     Phase 
•  -  RIMO     Phase 

Distribution.— ABLA/RIMO  is  common  at  middle  to 
upper  elevations  of  the  Abies  lasiocarpa  zone  and  can  be 
found  in  vast  acreages  on  most  of  the  high  plateaus  and 
mountains  of  central  and  southern  Utah.  It  also  extends 
northward  into  Idaho  and  Wyoming  (refer  to  "Other 
Studies").  It  accounts  for  almost  one  quarter  of  our  sam- 
ple stands.  Our  sites  generally  range  in  elevation  from 
9,500  to  11,000  feet  (2  400  to  3  350  m)  and  are  usually 
on  northwest  to  northeast  exposures.  Other  site  charac- 
teristics are  discussed  by  phase  below. 

Vegetation.— Mature  or  old-growth  stands  are  domi- 
nated by  both  Abies  lasiocarpa  and  Picea  engelmannii. 
Both  are  often  layering  in  the  understory.  Stands  range 
from  large  and  continuous  to  rather  patchy  or  clumpy, 
interspersed  with  open  meadow.  Populus  tremuloides,  an 
important  early  serai  associate,  is  usually  present  in 
mature  or  old  growth  conditions  only  as  remnant  stems 
of  poor  vigor.  Occasionally,  only  downed  logs  indicate 
the  previous  stand  of  P.  tremuloides.  Sample  stand  data 
suggest  the  following  generalized  successional  sequence 
for  this  h.t.  Following  a  major  stand-destroying  distur- 
bance such  as  natural  fire,  remnant  P.  tremuloides  root 
systems  resprout,  creating  a  clone.  Invasion  oi  Abies 
lasiocarpa  follows,  and  saplings  may  develop  quickly 
under  this  nurse  crop  of  P.  tremuloides.  Invasion  of 
Picea  engelmannii  is  much  slower  and  may  be  restricted 
to  areas  of  bare  soil.  Pfister  (1972)  suggests  this  progres- 
sion to  a  pure  Abies-Picea  climax  may  require  at  least 
1,000  years  without  additional  disturbance.  The  eventual 
uneven-aged  climax  stand  usually  has  abundant  A. 
lasiocarpa  seedlings  and  saplings  in  addition  to  vegeta- 
tive layering.  Picea  engelmannii,  although  common  in 
the  overstory,  is  usually  present  in  the  understory  on 
raised  root  mounds  and  depressions  resulting  from  wind- 
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throw  of  the  shorter  Uved  A.  lasiocarpa  following  root 
rot.  Thus,  the  regeneration  is  confined  to  gaps  created  in 
the  overstory. 

Undergrowth  vegetation  is  distinguished  by  two 
phases. 

Mertensia  arizonica  <MEAR)  phase:  The  MEAR  phase 
represents  the  most  hydric  extent  of  the  h.t.  It  is  found 
throughout  the  distribution  of  the  type  in  our  study  area 
but  appears  to  be  best  represented  in  the  Cedar  Breaks 
area  on  the  Markagunt  Plateau.  It  generally  occurs  at 
the  highest  elevations  within  the  type;  our  sample 
stands  are  usually  above  10,000  feet  (3  050  m).  This 
phase  may  also  be  found  on  a  wide  variety  of  aspects  in 
addition  to  the  most  northern  exposures.  Slopes  or 
swales  are  usually  gentle  to  moderate  and  are  either 
straight  or  concave.  Abundant  ground  moisture  is  appar- 
ently present  throughout  the  growing  season  as  a  result 
of  snowpack  accumulations  on  lee  slopes  and  numerous 
seeps  and  small  springs.  The  MEAR  phase  is  usually 
found  above  the  RIMO  phase  of  the  ABLA/RIMO  h.t.  It 
often  is  patchy  or  broken,  with  g^iaminoid-forb  meadows 
surrounding.  The  PIEN/RIMO  h.t.  occasionally  may 
abut,  forming  the  upper  boundary. 

Total  undergrowth  canopy  cover  is  about  40  percent, 
creating  a  relatively  lush,  dense  ground  cover.  Ribes 
montigenum  is  conspicuous  throughout  the  stand  (fig.  5). 
The  diverse  herbaceous  stratum  contains  numerous 
moist-site  forbs,  including  Mertensia  arizonica,  Mertensia 
ciliata,  Geranium  richardsonii.  Polemonium  pulcherri- 
mum,  and  Trifolium  longipes.  Other  common  species 
include  Achillea  millefolium,  Aquilegia  coerulea.  Arnica 
cordifolia,  Delphinium  barbeyi,  Epilobium  angustifolium, 
Osmorhiza  chilensis,  Pyrola  secunda,  Thalictrum  fendleri, 
and  Carex  rossii. 

Ribes  montigenum  (RIMO)  phase:  Modal  conditions 
are  represented  by  the  RIMO  phase.  It  occurs  most 
often  on  gentle  to  steep  straight  slopes  with  northern 
exposures.  Our  sample  stands  are  most  often  at  eleva- 
tions between  9,500  and  10,500  feet  (2  900  to  3  200  m). 
The  RIMO  phase  may  represent  either  climatic  or 
topoedaphic  chmaxes  depending  upon  locale.  Many  sites 
on  steep  northern  slopes  are  above  a  wide  variety  of 
other  h.t.'s,  including  ABLA/BERE-PIEN, 
ABLA/VACA,  ABLA/VAMY,  ABLA/CAGE,  or 


ABLA/CARO.  On  more  gentle  undulating  terrain,  such 
as  the  relatively  flat  tops  of  some  plateaus,  this  phase 
may  be  extensive.  Higher  and  colder  sites  that  support 
conifers  are  described  by  the  PIEN/RIMO  h.t. 

A  normally  sparse  undergrowth  (fig.  6)  contains  a 
light,  scattered  canopy  of  Ribes  montigenum,  usually 
confined  to  near  the  base  of  large  trees.  Other  shrubs, 
including  Sambucus  racemosa,  Symphoricarpos 
oreophilus,  and  Shepherdia  canadensis,  may  occur  in 
openings  or  on  recently  disturbed  areas.  The  depauper- 
ate herbaceous  stratum  includes  Thalictrum  fendleri, 
Osmorhiza  chilensis.  Arnica  cordifolia,  Achillea 
millefolium,  and  Carex  rossii.  Under  disturbed  condi- 
tions, or  in  serai  stands  with  incomplete  conifer  cano- 
pies, Lupinus  argenteus,  Lathyrus  lanszwertii,  Helenium 
hoopsii,  Epilobium  angustifolium,  Aquilegia  coerulea, 
and  Achillea  millefolium  are  expected  to  increase. 

Soils.— Because  of  its  wide  distribution,  ABLA/RIMO 
is  found  on  a  variety  of  parent  materials  (appendix  F). 
Bare  soil  and  exposed  rock  average  about  5  percent  for 
both  phases  but  can  range  as  high  as  45  percent  in  the 
RIMO  phase  and  30  percent  in  the  MEAR  phase.  Litter 
accumulations  average  1.2  inches  (3  cm)  for  both  phases 
Major  distinctions  between  phases  exist  in  surface 
textures;  MEAR  is  predominantly  silt  loam  and  clay 
loam,  while  the  RIMO  phase  is  often  as  coarse  as  sandy 
loam  (appendix  G). 

Productivity/management.— Timber  potentials  vary 
slightly  by  phase  but  generally  represent  the  best  oppori 
tunities  for  management  within  the  Abies  lasiocarpa 
series  (appendixes  D  and  E).  Management  will  usually 
feature  Picea  engelmannii  as  the  most  productive 
species.  In  general,  silvicultural  prescriptions  should 
include  a  careful  consideration  of  the  natural  uneven- 
aged  structure  and  the  inability  for  P.  engelmannii  to 
regenerate  without  site  protection.  Throughout  the  study 
area,  numerous  examples  of  natural  and  artificial  regener 
ation  failures  in  large  clearcuts  indicate  the  need  to  pro- 
vide partial  protection  for  seedling  survival.  Small  clear- 
cuts,  shelterwood,  or  group  or  individual  tree  selection 
methods  should  be  designed  to  prevent  seedling  mortal- 
ity from  frost,  desiccation  from  winter  winds,  sun  scald, 
and  soil  movement.  The  MEAR  phase  may  have  addi- 
tional constraints  on  overstory  removal  because  of  the 
apparent  depth  of  the  water  table.  As  with  PIEN/RIMO 
the  degree  of  slash  removal  in  ABLA/RIMO  must  be 
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Figure  5.— Abies  lasiocarpa/  Ribes  montigenum  h.t.,  Mertensia  arlzonica 
phase  on  a  moderately  steep  north  slope  near  North  Creek  Pass  (10,200  feet, 
3  100  m)  in  the  Abajo  Mountains.  Abies  lasiocarpa  and  Picea  engelmannii  are 
the  only  trees  on  the  site.  The  dense  undergrowth  contains  Ribes  montigenum 
and  a  diverse  assemblage  of  forbs. 


Figure  6.— Abies  lasiocarpa/  Ribes  montigenum  h.t.,  Ribes 
montigenum  phase  on  a  moderately  steep  northeast  slope 
(10,480  feet,  3  200  m)  of  Mount  Mellenthin  in  the  LaSal 
Mountains.  Abies  lasiocarpa  and  Picea  engelmannii  are  the 
only  trees  on  the  site.  The  depauperate  undergrowth  is  domi- 
nated by  scattered  Ribes  montigenum  and  Osmorhiza 
cfiilensis. 
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carefully  balanced  between  site  amelioration  values  and 
host  sites  for  bark  beetles  (Dendroctonus  rufipennis). 
Abies  lasiocarpa  is  almost  uniformly  susceptible  to 
decay  by  Fames  annosus,  which  increases  the  chances  of 
windthrow.  Many  of  our  stands  contained  A.  lasiocarpa 
infected  with  the  yellow  witches'  broom  rust  {Melamp- 
sorella  caryophyllacearum). 

Domestic  livestock  will  usually  find  little  forage  in 
mature  stands  belonging  to  the  RIMO  phase,  but  abun- 
dant succulent  forbs  in  the  MEAR  phase  may  attract 
sheep.  Deer  and  elk  use  is  high  in  both  phases;  this  h.t. 
may  function  as  prime  summer  range.  Many  stands 
within  the  MEAR  phase  contain  large  squirrel  caches. 

Watershed  protection  is  a  principal  resource  value. 
Snow  is  often  retained  as  late  as  August  on  the  higher 
elevation  sites. 

Other  studies.— ABLA/RIMO  is  a  major  h.t.  through 
the  Rocky  Mountains,  with  descriptions  for  Montana 
(Pfister  and  others  1377),  central  Idaho  (Steele  and 
others  1981),  eastern  Idaho  and  western  Wyoming 
(Steele  and  others  1983),  and  northern  Utah  (Mauk  and 
Henderson  1984).  Pfister  (1972)  originally  described  the 
h.t.  for  our  study  area  and  proposed  three  phases  based 
upon  the  presence  of  (1)  Ribes  montigenum.  (2)  Thalictrum 
fendleri,  or  (3)  Lonicera  involucrata.  Additional  phases 
have  been  reported  for  northern  Utah  and  Wyoming. 
This  classification  includes  the  mesic  portions  of 
Pfister's  Lonicera  involucrata  and  Thalictrum  fendleri 
phases  in  the  MEAR  phase,  while  the  modal  RIMO 
phase  comprises  the  remaining  Ribes  montigenum 
stands  and  the  high-elevation  portions  of  his  Abies 
lasiocarpa/Berberis  repens  h.t. 

Abies  lasiocarpa/Carex  geyeri  h.t. 
(ABL A/CAGE;  Subalpine  Fir/Elk  Sedge) 

Distribution.— ABLA/CAGE  is  an  incidental  type  in 
the  LaSal  and  Abajo  Mountains,  but  it  also  occurs  in 
central  Colorado  (refer  to  "Other  studies").  Our  sites 
range  from  8,800  to  9,800  feet  (2  700  to  3  000  m)  in  ele- 
vation on  mesic  gentle  slopes  and  benches.  Exposures 
are  northwest  to  northeast.  Adjacent  drier  sites  may 
belong  to  ABLA/BERE,  while  cooler  sites  usually  belong 
to  ABLA/RIMO  or  ABLA/VAMY. 

Vegetation.— Mature  or  climax  stands  are  dominated 
by  Abies  lasiocarpa.  Picea  engelmannii  may  also  be 
present  in  small  amounts  as  a  persistent  serai  associate. 
Populus  tremuloides  is  the  dominant  serai  component 
and  was  present  in  all  our  sample  stands.  The  under- 
growth is  characterized  by  a  relatively  dense  sward  of 
Carex  geyeri.  This  may  be  overtopped  by  scattered  low 
shrubs,  including  Berberis  repens,  Rosa  woodsii,  and 
Symphoricarpos  oreophilus.  Forbs  include  Achillea 
millefolium,  Lathyrus  lanszwertii,  Osmorhiza  chilensis, 
and  Smilacina  stellata. 

Soils.— ABLA/CAGE  is  apparently  restricted  to  igneous 
parent  materials  in  our  study  area.  Soils  were  developed 


in  residual  material  derived  from  intrusive  porphyritics. 
Bare  soil  and  exposed  rock  or  boulders  are  negligible. 
Litter  accumulations  averaged  1.2  inches  (3.1  cm).  Tex- 
tures are  loam  or  silt  loam. 

Productivity/management.- Timber  potentials  are 
apparently  moderate  to  high.  Limited  site  index  data  for 
Picea  engelmannii  indicate  it  perhaps  should  be  favored. 
Dense  sod  of  Carex  geyeri  will  prohibit  natural  regenera- 
tion unless  sites  are  scarified.  Populus  tremuloides  may 
also  present  opportunities  for  management.  Both  deer 
and  cattle  should  find  forage  on  these  sites. 

Other  studies.— ABLA/CAGE  was  first  described  by 
Pfister  and  others  (1977)  in  Montana  as  a  minor  type.  It; 
also  occurs  in  central  Idaho  (Steele  and  others  1981), 
from  Yellowstone  National  Park  southward  to  south- 
eastern Idaho  (Steele  and  others  1983),  and  in  south- 
eastern Wyoming  (Wirsing  and  Alexander  1975).  These 
authors  list  both  Populus  tremuloides  and  Pinus 
contorta  as  principal  serai  associates.  Our  h.t.  has  closerjl, 
affinities  with  ABLA/CAGE  that  is  found  on  the  Routt 
and  White  River  Nationeil  Forests  of  north-central 
Colorado,  where  Pinus  contorta  is  not  a  component 
(Hoffman  and  Alexander  1983;  Hoffman  and  Alexander 
1980;  Hess  and  Wasser  1982).  Similar  conditions  also 
apparently  exist  on  the  Gunnison  and  Uncompahgre 
National  Forests  of  western  Colorado  (Komarkova  1982). 

Abies  lasiocarpa/ J uniperus  communis  h.t. 
(ABLA/JUCO;  Subalpine  Fir/Common  Juniper) 


^ 
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Distribution.— A  major  h.t.  of  the  southern  portion  of 
ur  study  area,  ABLA/JUCO  occupies  middle  to  upper 
evation  slopes,  ridges,  and  benches  on  all  aspects.  Our 
:tes  ranged  from  8,800  to  10,600  feet  (2  680  to  3  330  m) 
I  elevation,  but  most  were  above  9,500  feet  (2  900  m). 
opography  may  be  straight,  undulating,  or  convex, 
lopes  vary  from  gentle  to  steep  and  average  21  percent. 

*f*|.BLA/JUCO  is  usually  on  warmer  aspects  or  elevations 
lan  ABLA/  RIMO  or  ABLA/CARO,  while 
BLA/BERE  represents  slightly  more  mesic  conditions. 
\egetat\on.— Abies  lasiocarpa  is  the  indicated  climax 
ee  and  is  usually  present  in  early  serai  to  mature 

8l|f.ands.  Both  Picea  engelmannii  and  Populus  tremuloides 
•e  important  serai  associates.  Both  P.  engelmannii  and 
.  lasiocarpa  may  layer  in  the  understory.  Pseudotsuga 
enziesii  and  Picea  pungens  may  also  be  present  as 
Isral  but  persistent  associates.  The  patchy  undergrowth 
dominated  by  Juniperus  communis,  which  may 
ivelop  into  large  horizontal  clumps.  Other  common 
irubs  include  Rosa  woodsii,  Symphoricarpos  oreophilus, 
id  occasionally  Berberis  repens.  Site  characteristics  and 
mndance  of  B.  repens  should  be  carefully  assessed  in 
der  to  distinguish  between  this  h.t.  and  ABLA/BERE, 
[EN  phase.  In  general,  ABLA/JUCO  is  much  more 
spauperate  than  ABLA/BERE. 

Soils.— ABLA/JUCO  occurs  on  soils  derived  almost 
sclusively  from  igneous  parent  materials,  primarily 
asaltic  flows  (appendix  F).  Most  sites  have  rocky  sur- 
ices  with  abundant  bare  soil.  Litter  accumulations  aver- 
ge  1  inch  (2.5  cm).  Surface  textures  are  predominantly 

r    andy  loam  and  loam  (appendix  G). 

Productivity/management.— Timber  potentials  are 
enerally  low  (appendixes  D  and  E).  This  h.t.  represents 
16  lowest  potential  yields  for  the  series.  Natural 
Jgeneration  appears  to  be  sporadic  and  limited  to  only 
16  most  mesic  microsites.  Normal  or  standard  proce- 
ures  of  manipulating  the  overstory  for  silvicultural  pur- 
Dses  will  usually  be  unsuccessful.  Wildlife,  especially 
ig  game,  may  find  both  cover  and  forage  or  browse  on 
lese  sites,  but  most  use  will  probably  be  associated 
ith  proximal  plant  communities. 

Other  studies.— Similar  conditions  exist  in  Idaho  and 
[(Wyoming  (Steele  and  others  1981,  1983)  where  the  type 
iso  occurs  along  cold  air  drainages.  These  sites  also 
ipport  Pinus  contorta.  Along  the  Uinta  Mountains 
arth  of  our  study  area,  sites  supporting  predominantly 
fniperus  communis  occur  and  are  included  within  the 
bies  lasiocarpa/Berberis  repens  h.t.  (Mauk  and 
|enderson  1984).  Our  sites  show  the  most  affinity  to 
editions  described  for  the  North  Kaibab  Plateau  and 
ftountains  of  northern  New  Mexico  (Moir  and  Ludwig 
979). 


Abies  lasiocarpa/Carex  rossii  h.t. 
(ABLA/CARO;  Subalpine  Fir/Ross  Sedge) 


Distribution.— ABLA/CARO  is  a  major  h.t.  of  the 
Abies  lasiocarpa  series  and  can  be  found  throughout  the 
study  area  with  the  exception  of  the  eastern  LaSal  and 
Abajo  Mountains.  The  type  commonly  occurs  on  flat 
benches  to  straight  and  steep  northern  slopes  at  middle 
to  upper  elevations.  Our  sites  ranged  from  8,600  to 
10,400  feet  (2  620  to  3  170  m).  but  the  type  is  most  com- 
mon above  9,500  feet  (2  900  m).  ABLA/CARO  apparently 
represents  sites  drier  than  ABLA/BERE  and  slightly 
warmer  than  ABLA/RIMO. 

Vegetation.— Mature  or  climax  stands  are  relatively 
dense  and  are  codominated  by  Abies  lasiocarpa  and 
Picea  engelmannii.  Abies  lasiocarpa  reproduction  may 
also  be  present  in  the  understory  as  vegetative  layering. 
Pseudotsuga  menziesii  is  locally  important  as  a  serai 
associate,  especially  on  the  Wasatch  and  Fish  Lake 
Plateaus  and  the  Tushar  Mountains.  Throughout  the 
h.t.,  Populus  tremuloides  is  an  important  serai  associate 
and  usually  serves  as  a  nurse  crop  for  conifer  regenera- 
tion. The  undergrowth  is  depauperate  (fig.  7),  with  only 
a  light  coverage  of  Carex  rossii  representing  a  diagnostic 
feature.  Other  species  that  may  also  occur  that  are 
usually  associated  with  small  openings  include  Arnica 
cordi folia.  Astragalus  miser,  and  Rosa  woodsii. 

Soils.— Parent  materials  depend  upon  locale  and 
include  limestone.  Cretaceous  sandstone,  andesite,  and 
most  often  basalt  (appendix  F).  Both  surface  rock  and 
bare  soil  are  variable  and  may  range  from  none  to 
almost  50  percent.  Litter  accumulations  average  1.4 
inches  (3.5  cm).  Surface  soil  textures  are  mostly  sandy 
loam  and  loam  (appendix  G). 
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Figure  7.— Abies  lasiocarpa/Carex  rossii  h.t-  on  a  moderately  steep,  northeast- 
facing  slope  (9,760  feet,  2  980  m)  near  New  Harmony  in  the  Pine  Valley  Moun- 
tains. Picea  engelmannii  and  Abies  lasiocarpa  dominate  the  mature  overstory. 
Abies  lasiocarpa  is  layering  in  the  understory.  Carex  rossii  is  the  major  compo- 
nent of  a  depauperate  undergrowth. 


Productivity/management.— Timber  potentials  are 
generally  moderate  (appendixes  D  and  E)  and  are  about 
average  for  the  series.  Successful  silvicultural  prescrip- 
tions for  Picea  engelmannii  will  likely  involve  small 
openings  that  maintain  site  protection.  Many  of  our 
sites  contain  Abies  lasiocarpa  infected  with  the  root  rot 
Fames  annosus.  According  to  Steele  and  others  (1983), 
the  root  system  of  established  Carex  rossii  may  be  suffi- 
ciently extensive  to  present  severe  competition  for  tree 
seedlings  unless  site  treatment  is  prescribed.  Opportuni- 
ties also  exist  to  manage  Populus  tremuloides  for  a 
variety  of  resource  values  including  forage  production 
for  livestock. 

Other  studies.— ABLA/CARO  has  previously  been 
described  by  Steele  and  others  (1983)  for  southeastern 
Idaho.  Their  type  appears  to  be  similar  except  for  the 
occurrence  of  Pinus  contorta  as  a  serai  associate.  Mauk 
and  Henderson  (1984)  do  not  include  ABLA/CARO  in 
their  classification  for  northern  Utah,  but  some  sites 
belonging  to  their  ABLA/BERE  and  Abies 
lasiocarpa/Osmorhiza  chilensis  h.t.'s  are  comparable. 

Abies  concolor  Series 

Distribution.— The  Abies  concolor  series,  a  major 
grouping  of  h.t.'s  within  the  study  area,  is  especially 
common  on  the  southern  plateaus.  Our  series  includes 
eight  h.t.'s,  of  which  four  are  major  and  one  incidental. 


Sites  are  characteristically  cool  and  dry  and  are  usually 
on  northern  exposures.  Elevations  range  from  6,200  to 
9,200  feet  (1  890  to  2  800  m),  with  ABCO/QUGA 
representing  the  lower  extreme  and  ABCO/BERE  or 
ABCO/SYOR  common  at  the  higher  altitudes.  Several 
h.t.'s  within  the  series,  including  ABCO/PHMA, 
ABCO/CELE,  and  ABCO/QUGA,  represent  lower 
timberline  conditions.  Other  types,  such  as 
ABCO/ARPA  and  ABCO/BERE,  are  usuaUy  above 
closely  related  types  within  the  Pseudotsuga  menziesii 
series.  Higher  elevations  or  more  moist  conditions  may 
support  Abies  lasiocarpa  and  belong  to  that  series. 

Vegetation.— Sites  supporting  Abies  concolor  as  a  cli- 
max species  are  apparently  too  warm  and  dry  for  Abies 
lasiocarpa  and  Picea  engelmannii.  The  most  common 
associates  of  this  series  include  Pseudotsuga  menziesii 
and  Pinus  ponderosa,  with  Picea  pungens  and  Populus 
tremuloides  present  in  the  ABCO/BERE  and 
ABCO/JUCO  h.t.'s.  The  characteristically  shrubby 
undergrowths  are  similar  to  the  Pseudotsuga  menziesii 
and  portions  of  the  Pinus  ponderosa  and  Abies 
lasiocarpa  series. 

Soils/climates.— Our  series  shows  a  strong  affinity  for 
hmestone  and  sandstone  substrates  (appendix  F). 
ABCO/CELE  and  ABCO/JUCO  are  the  only  exceptions 
and  are  found  most  often  on  andesitic  volcanics.  This 
relationship  is  similar  to  the  Pseudotsuga  menziesii 
series.  Amounts  of  bare  soil  and  exposed  rock  are  rela- 
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tively  uniform;  only  ABCO/ARPA  represents  sites  with 
an  average  of  more  than  20  percent  bare  soil.  Litter 
accumulations  tend  to  be  nonuniform  and  patchy,  with 
depths  ranging  from  0.9  to  1.7  inches  (2.3  to  4.4  cm)  and 
averaging  1.2  inches  (3.2  cm).  Surface  textures  are  varia- 
ble and  are  best  discussed  by  h.t.  Many  sites  within  this 
series  have  experienced  severe  erosion  in  the  past. 

Accurate,  long-term  climatological  data  for  much  of 
this  series  are  lacking.  However,  analyses  from  two 
sites,  and  general  observations  and  extrapolations,  sug- 
gest that  the  series  represents  environments  beyond  the 
drought  and  temperature  tolerances  of  Abies  lasiocarpa 
and  Picea  engelmannii  and  within  the  zone  of  somewhat 
uniformly  distributed  annual  precipitation.  Thus,  the 
series  is  found  at  elevations  lower  than  A.  lasiocarpa  and 
P.  engelmannii  and  is  confined  to  the  southern  and  west- 
ern portion  of  the  study  area  that  receives  summer  mois- 
ture. Mauk  and  Henderson  (1984)  suggest  that  the 
northern  distribution  of  the  series,  near  Logan,  UT, 
might  correspond  to  a  mean  January  temperature  of 
about  32  °F  (0  °C).  Mean  temperatures  below  this 
threshold  apparently  limit  seedling  establishment. 

Productivity/management.— Our  series  generally 
represents  sites  with  only  limited  opportunities  for  tim- 
ber management.  Yields  are  low  and  many  sites  are 
poorly  stocked.  Where  present,  Pseudotsuga  memiesii 
presents  the  best  opportunity  for  successful  silvicultural 
manipulation.  Low  elevation,  and  especially  lower 
timberline  sites,  often  resemble  the  adjacent  nonforest 
shrub  communities  and  may  have  undergrowths  of  com- 
peting shrubs.  Because  of  its-  proximity  to  rural  commu- 
nities, most  of  the  series  has  had  a  history  of  selective 
harvesting. 

Knowledge  of  fire  ecology  for  Abies  concolor  sites  is 
only  superficial.  Although  many  of  our  sample  stands 
have  burned  as  a  result  of  historic  logging,  the  natural 
fire  interval  probably  is  relatively  short.  Abies  concolor 
is  not  very  resistent  to  fire  as  a  sapling  or  pole  but 
becomes  increasingly  more  tolerant  with  age  as  the  thin 
smooth  bark  thickens.  Low  branches  also  increase  its 
susceptibility.  Fires  that  are  carried  by  undergrowth  spe- 
cies, such  as  Quercus  gambelii,  Juniperus  communis,  and 
graminoids,  may  easily  torch-out  on  young  A.  concolor. 
Pseudotsuga  menziesii  and  Pinus  ponderosa  may  be 
favored  by  these  fires  because  of  greater  fire  resistence 
and  the  creation  of  favorable  seed  beds.  Crane  (1982) 
presents  preliminary  successional  trends  of  Abies  con- 
'color  h.t.'s  in  Colorado  that  appear  reasonable  for  most 
of  our  types. 

Wildlife  values  of  this  series  are  not  well  documented. 
Many  of  our  h.t.'s  apparently  provide  cover  and  browse 
for  deer,  presumably  during  spring  and  fall.  Mauk  and 
Henderson  (1984)  suggest  the  preference  of  Abies 
concolor  cambium  tissue  as  food  for  several  rodent  spe- 
cies, especially  porcupines. 

pAbi'es  concolor/Physocarpus  malvaceus  h.t. 
HABCO/PHMA;  White  Fir/Ninebark) 

Distribution.— ABCO/PHMA,  an  incidental  h.t.  sam- 
(pled  in  the  Pahvant  Mountains,  is  confined  to  steep 
jaorthern  slopes  immediately  above  the  Acer  glabrum- 
IQuercus  gambelii  woodlands.  Our  sites  were  all  below 


7,500  feet  (2  290  m)  in  elevation.  Adjacent  types  are 
most  likely  ABCO/BERE,  ABCO/ACGL,  or  undescribed 
nonforest  communities. 

Vegetation.— Both  Abies  concolor  and  Pseudotsuga 
menziesii  codominate  in  the  overstory.  The  shrubby 
undergrowth  consists  of  Physocarpus  malvaceus, 
Quercus  gambelii,  and  Amelanchier  alni folia  in  a  tall 
shrub  stratum,  overtopping  a  lower  stratum  of  Berberis 
repens,  Pachistima  myrsinites,  and  Rosa  woodsii. 
Herbaceous  species  include  Carex  geyeri,  Lathvrus 
lanszwertii,  and  Lathyrus  pauciflorus. 

Soils.— Sampled  stands  are  on  limestone  and  sandstone 
parent  material.  Litter  accumulations  are  relatively  high. 
Surface  textures  are  loam  and  silt  loam. 

Productivity/management.— Individual  trees  may  have 
relatively  high  site  index  values,  but  yields  are  expected 
to  be  low  to  moderate.  Steep  slopes  and  intense  under- 
growth competition  may  preclude  most  management 
alternatives.  These  sites  may  have  highest  value  as 
spring  and  fall  deer  habitat.  Other  management  implica- 
tions should  be  similar  to  PSME/PHMA. 

Other  studies.-The  ABCO/PHMA  h.t.  is  similar  to 
that  described  for  the  Wasatch  and  Stansbury 
Mountains  of  northern  Utah  by  Mauk  and  Henderson 
(1984). 

Abies  concolor/ Acer  glabrum  h.t. 
(ABCO/ACGL;  White  Fir/Mountain  Maple) 


Distribution.— ABCO/ACGL  is  a  minor  h.t.  of  our 
study  area.  Sites  belonging  to  this  type  were  found  in 
the  Pine  Valley,  Abajo,  and  Tushar  Mountains.  It 
represents  lower  to  midslope  positions  at  low  elevations 
within  the  Abies  concolor  series;  our  sample  sites  ranged 
from  7,400  to  8,400  feet  (2  260  to  2  560  m)  in  elevation. 
Exposures  are  northern  and  topography  is  usually  con- 
cave or  undulating.  Adjacent  drier  sites  usually  belong 
to  ABCO/BERE,  while  more  moist  sites  are  stream 
bottoms. 
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Vegetation.— A  dense  overstory  in  mature  stands  is 
composed  of  Abies  concolor,  with  Pseudotsuga  menziesii 
usually  present  as  a  persistent  serai  associate.  Populus 
tremuloides  is  also  an  important  early  serai  component. 
The  shrubby  undergrowth  consists  of  a  distinctly  tall 
stratum,  '\r\c\udmg  Acer  glabrum,  Quercus  gambelii. 
Primus  virginiana,  and  Amelanchier  alnifolia,  over- 
topping a  low  shrub  stratum  of  Berberis  repens, 
Pachistima  myrsinites,  Rosa  woodsii,  and 
Symphoricarpos  oreophilus.  Bromus  ciliatus  and  Carex 
rossii  are  the  most  common  graminoids.  A  diverse  forb 
component  includes  Thalictrum  fendleri,  Smilacina 
stellata,  and  Erigeron  speciosus. 

Soils.— Parent  materieils  are  variable,  depending  upon 
locale.  Our  sites  include  both  Tertiary  sandstone  and 
andesitic  volcanics.  Surface  textures  are  mostly  loam. 
Most  of  our  sites  contain  relatively  high  amounts  of 
exposed  rock. 

Productivity/management.— Yields  and  management 
appear  similar  to  ABLA/ACGL. 

Other  studies.— Mauk  and  Henderson  (1984)  suggest 
that  ABCO/ACGL  may  exist  in  the  Wasatch  Mountains 
near  Salt  Lake  City.  DeVelice  and  others  (in  press),  and 
Moir  and  Ludwig  (1979)  describe  similar  conditions  in 
southwestern  Colorado  and  northern  New  Mexico. 

Abies  concolor/Cercocarpus  ledif alius  h.t. 
(ABCO/CELE;  White  Fir/Curlleaf 
Mountain-Mahagany) 


Distribution.— ABCO/CELE,  a  minor  h.t.  of  the  Abies 
concolor  series,  is  found  sporadically  throughout  the 
lower  elevations  in  the  western  part  of  the  study  area.  It 
also  occurs  on  the  Wasatch  and  Tavaputs  Plateaus.  It 
may  be  most  common  in  the  Pine  Valley  Mountains  in 
southwestern  Utah.  Our  sites  range  in  elevation  from 
7,000  to  9,400  feet  (2  130  to  2  860  m)  and  are  usually  on 
gentle  to  steep  straight  or  convex  slopes  with  northern 
exposures.  Adjacent  sites  usually  support  nonforest  com- 
munities of  Quercus-Cercocarpus  woodlands,  or  on  more 
moist  sites,  the  ABCO/BERE  h.t. 


Vegetation.— Although  Abies  concolor  is  the  indicated 
climax  tree,  mature  stands  of  A.  concolor  are  rarely 
found.  Usually  Pseudotsuga  menziesii  and  Pinus 
ponderosa  dominate  these  sites.  Pinus  flexilis  and 
Juniperus  scopulorum  are  often  present  in  small 
amounts.  The  shrub-dominated  undergrowth  may  be- 
come dense,  with  Cercocarpus  ledifolius,  Quercus  gam- 
belii, Amelanchier  alnifolia,  Berberis  repens,  and 
Symphoricarpos  oreophilus  usually  present.  Carex  rossii 
and  Poa  fendleriana  are  the  most  characteristic  grami- 
noids. Forbs  are  neghgible. 

Soils.— Although  a  variety  of  sedimentary  and  igneous 
parent  materials  are  represented,  andesitic  volcanics  are 
the  most  common.  Many  sites  have  high  amounts  of  ex- 
posed rock  and  bare  soil.  Patchy  litter  accumulations 
averaged  only  1.1  inches  (2.6  cm).  Surface  textures  are 
predominantly  loam  and  silt  loam. 

Productivity/management.- Limited  timber  data  indi- 
cate potential  yields  are  very  low  (appendix  D),  and  rep- 
resent the  poorest  sites  of  the  series.  Rocky  sites  and 
low  stocking  will  reduce  expected  yields.  These  sites 
may  function  best  as  spring  and  fall  range  for  big  game, 
especially  deer. 

Other  studies.— No  other  studies  have  described  this 
h.t. 

Abies  concoIor/Arctostaphylos  patula  h.t. 
(ABCO/ARPA;  White  Fir/Greenleaf  Manzanita) 


Distribution.- ABCO/ARPA  is  a  major  h.t.  of  the 
Abies  concolor  series  in  the  southern  portion  of  the 
study  area.  It  usually  occurs  on  relatively  gentle  benches 
with  undulating  topography  at  midslope  positions.  A 
variety  of  exposures  are  represented.  Elevations  range 
from  8,100  to  8,500  feet  (2  470  to  2  590  m). 
ABCO/ARCA  is  usually  found  adjacent  to  the  drier 
PIPO/ARPA.  while  more  moist  conditions  are 
represented  by  ABCO/BERE,  ABCO/SYOR,  or 
PIPU/JUCO. 

Vegetation.— Abies  concolor  is  the  indicated  climeix 
tree,  but  many  sites  may  have  open,  uneven-aged  over- 
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stories  dominated  by  mature  Pseudotsuga  menziesii  or 
Pinus  ponderosa  (fig.  8).  Abies  concolor  should  be  present 
in  the  understory  and  will  gradually  increase.  Juniperus 
scopulorum  may  persist  on  these  dry  sites,  while  Pinus 
flexilis  is  a  long-lived  serai  associate.  The  undergrowth 
consists  of  dense  patches  of  shrubs,  characterized  by  the 
diagnostic  Arctostaphylos  patula,  along  with 
Symphoricarpos  oreophilus,  Juniperus  communis,  and 
Berberis  repens.  Graminoids  and  forbs  are  usually 
negligible. 

Soils.— ABCO/ARPA  shows  a  strong  affinity  for  Hme- 
stone  substrates,  commonly  occurring  in  our  study  on 
the  Wasatch  Formation  (appendix  F).  Although  exposed 
rock  is  usually  less  than  10  percent,  amounts  of  bare  soil 


may  range  up  to  80  percent  and  average  21  percent. 
Consequently,  litter  accumulations  are  patchy  and  aver- 
age only  1.1  inches  (2.5  cm).  Many  sites  contain  evidence 
of  erosion.  Surface  textures  are  predominantly  loam  and 
silt  loam  (appendix  G). 

Productivity/management.— Timber  potentials  are 
generally  very  low  (appendixes  D  and  E).  Stocking  limi- 
tations, droughty  soils,  and  low  site  indexes  will  reduce 
expected  yields.  Individual  trees  grow  slowly,  with  most 
sample  stands  exceeding  200  years.  Attempts  to  manipu- 
late the  overstory  in  even-aged  management  may  fail. 
Wildlife  may  use  these  sites  for  browse.  Domestic  live- 
stock will  find  little  forage. 

Other  studies.— No  other  studies  have  described  this 
h.t. 


Figure  8.— Abies  concolor/Arctostaphylos  patula  h.t.  on  a  steep  southwest  slope 
(8,580  feet,  2  610  m)  in  the  East  Fork  Creek  drainage  on  the  Paunsaugunt  Plateau. 
Abies  concolor  is  scattered  throughout  the  overstory,  which  also  contains 
Pinus  ponderosa  and  Pseudotsuga  menziesii.  Large  patches  of  Arctostaphylos 
patula  are  common  in  the  undergrowth. 
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Abies  concoIor/Quercus  gambelii  h.t. 
(ABCO/QUGA;  White  Fir/Gambel  Oak) 


Distribution.— ABCO/QUGA  is  a  minor  h.t.  of  tiie 
Abies  concolor  series  and  occurs  primarily  in  the 
Pahvant  Mountains  and  on  the  southern  edge  of  the 
Aquarius  Plateau.  It  also  apparently  extends  southward 
into  Kane  County  in  Zion  National  Park.  It  was  found 
on  aJl  but  southern  and  southwestern  exposures  and 
ranged  from  6,200  to  8,600  feet  (1  890  to  2  620  m)  in 
elevation.  Our  sites  usually  represent  middle  to  lower 
slope  positions,  with  straight  slopes  that  are  moderate 
to  steep.  ABCO/QUGA  is  usually  adjacent  to  relatively 
high  elevation  PIPO/QUGA-SYOR  in  the  Aquarius 
Plateau.  In  the  Pahvant  Mountains,  it  may  be  adjacent 
to  QuercusAcer  grandidentatum  woodlands,  and  thus 
represents  the  lower  timberline  zone  of  conifer  forests. 
In  both  areas,  ABCO/BERE  may  be  found  on  cooler 
exposures  and  elevations. 

Vegetation.— y46jes  concolor  is  the  indicated  climax 
tree,  although  it  may  be  poorly  represented  in  many 
stands  dominated  by  mature  Pseudotsuga  menziesii  or 
Pinus  ponderosa.  Juniperus  scopulorum  is  usually  present 
in  small  amounts.  Populus  tremuloides  is  noticeably 
absent.  The  shrubby  undergrowth  is  dominated  by 
Quercus  gambelii  and  Amelanchier  alnifolia,  which  may 
overtop  Berberis  repens,  Pachistima  myrsinites,  Purshia 
tridentata,  Rosa  woodsii,  and  Symphoricarpos  oreophilus. 
A  light  and  diverse  herbaceous  stratum  includes  Carex 
rossii,  Poa  fendleriana,  Sitanion  hystrix,  Eriogonum 
racemosa,  and  sometimes  Balsamorhiza  sagittata. 

Soils.— Parent  materials  are  variable,  depending  upon 
locale.  Sedimentary,  metamorphic,  and  igneous  types  are 
represented  (appendix  F).  Exposed  rock  and  bare  soil 
were  present  in  all  sample  stands  but  averaged  only  7 
and  2  percent,  respectively.  Litter  accumulations  aver- 
aged 1.7  inches  (4.4  cm).  Surface  textures  are  variable 
and  range  from  loam  to  silt  loam  to  clay  loam. 


Productivity/management.— Timber  potentials  range 
from  very  low  to  low  (appendixes  D  and  E).  Limited  data 
suggest  that  management  should  favor  Pseudotsuga 
menziesii  rather  than  Pinus  ponderosa  for  maximum 
production.  Other  features  may  be  similar  to 
PSME/QUGA  or  ABCO/CELE. 

Other  studies.— Somewhat  similar  conditions  appar- 
ently exist  in  New  Mexico  and  Arizona  and  have  been 
described  as  the  Abies  concolor-Pseudotsuga 
menziesii/Quercus  gambelii  h.t.  by  Moir  and  Ludwig 
(1979)  and  the  ABCO/QUGA  h.t.  by  DeVelice  and  others 
(in  press). 

Abies  concolor/Berberis  repens  h.t. 
(ABCO/BERE;  White  Fir/Oregon  Grape) 


O  -  JUCO     Phase 
•  -  BERE     Phase 

Distribution.— ABCO/BERE  is  a  major  h.t.  of  the 
Abies  concolor  series.  Sample  stands  are  distributed 
throughout  the  study  area  except  for  the  easternmost 
LaSal  and  Abajo  Mountains.  Two  phases  are  recognized, 
with  slight  differences  in  environmental  site  characteris- 
tics and  management  opportunities.  In  general  the  h.t. 
can  be  found  between  7,300  and  9,600  feet  (2  230  to 
2  930  m)  in  elevation  on  a  variety  of  exposures.  The  type 
usually  represents  relatively  cool  and  dry  midslope  posi- 
tions on  gentle  to  steep  slopes.  Adjacent,  colder  sites, 
often  at  higher  elevations,  belong  to  the  ABLA/BERE, 
PIPU/BERE,  or  ABCO/SYOR  h.t.'s.  Warmer  sites  may 
belong  to  a  variety  of  different  h.t.'s,  including 
PSME/BERE,  ABCO/ARPA,  PIPO/SYOR,  and  some- 
times PSME/SYOR,  although  parent  material  differences 
exist  between  some  of  these  types.  In  the  northern  and 
western  portion  of  the  study  area,  ABCO/BERE  may 
represent  the  lowest  elevation  coniferous  timber  sites, 
with  nonforest  communities  dominated  by  Populus 
tremuloides  or  Quercus  and  Acer  immediately  adjacent. 

Vegetation.— Old-growth  stands  are  usually  uneven- 
aged  and  contaiin  a  variety  of  species  in  the  overstory. 
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Pure  Abies  concolor  stands  are  rare.  Pseudotsuga  men- 
ziesii  and  Populus  tremuloides  are  the  most  common 
serai  associates.  In  some  areas,  Pinus  ponderosa  may 
persist;  it  usually  represents  the  drier  extreme  of  the  h.t. 
Undergrowth  vegetation  is  characterized  by  a  sparse 
layer  of  low  shrubs,  including  Berberis  repens,  Sym- 
phoricarpos  oreophilus,  Pachistima  myrsinites,  and  Rosa 
woodsii.  Other  features  are  distinguished  by  phase. 

Juniperus  communis  (JUCO)  phase:  The  dry  extreme 
of  the  h.t.  is  represented  by  the  JUCO  phase,  which  is 
distributed  throughout  the  study  area.  It  usually  occurs 
on  middle  to  lower  slopes  and  benches  with 
predominantly  southwest  and  northeast  exposures.  The 
overstory  may  include  Picea  pungens  or  Pinus  flexilis  in 
addition  to  the  other  serai  species.  Phasal  difference  is 
based  upon  the  presence  oi  Juniperus  communis,  which 
may  have  relatively  high  coverage  in  large  patches 
(fig.  9).  Forbs  and  graminoids  are  negligible. 

Berberis  repens  (BERE)  phase:  Sites  lacking  abundant 
Juniperus  communis  belong  to  the  BERE  phase,  which 
may  represent  slightly  more  moist  conditions.  It  most 
commonly  occurs  on  straight  slopes  above  8,000  feet 
(2  440  m)  with  northern  or  northeastern  exposures. 
Amelanchier  alnifolia,  in  addition  to  species  listed  for 
the  h.t.,  create  the  shrub  component.  The  BERE  phase 
also  contains  more  forbs  than  the  JUCO  phase,  with 


Geranium  viscosissimum,  Lathyrus  lanszwertii,  and 
Thalictrum  fendleri  notable  examples. 

Soils.-Soils  within  the  ABCO/BERE  h.t.  are  usually 
derived  from  limestone  or  dolomite  (appendix  F)  that  has 
weathered  in  place  or  has  been  transported  by  colluvial 
action.  A  few  sites  within  the  JUCO  phase  also  contain 
evidence  of  alluvial  deposition.  Cretaceous  and  Tertiary 
sandstones  and  andesitic  parent  materials  are  also 
represented.  Soils  are  usually  rocky  and  gravelly,  with 
bare  soil  ranging  as  high  as  30  percent  in  the  JUCO 
phase.  Accumulations  of  litter  average  0.9  inch  (2.3  cm) 
in  the  JUCO  phase  and  1.5  inches  (3.9  cm)  for  the  BERE 
phase.  Surface  textures  show  little  difference  by  phase 
and  range  from  loam  to  silt  loam  and  clay  loam  (appen- 
dix G).  Many  of  our  sample  sites  have  had  serious  gully 
and  sheet  erosion. 

Productivity/management.— Timber  yields  are  gener- 
ally very  low  to  low  for  the  h.t.  (appendixes  D  and  E). 
The  BERE  phase  may  contain  sites  of  higher  produc- 
tivity, presumably  due  to  a  more  protected  exposure. 
Pseudotsuga  menziesii  presents  the  best  opportunity  for 
management  if  silvicultural  prescriptions  are  carefully 
developed.  Many  of  the  sites,  especially  at  the  lower 
elevations,  contain  evidence  of  past  fire  and  cutting. 
This  is  assumed  to  be  the  result  of  early  settlers  seeking 
house  logs  and  building  products  (refer  to  discussion  of 


Figure  2.— Abies  concolor/Berberis  repens  h.t.,  Juniperus  communis  phase  on 
a  gentle  northern  slope  (8,160  feet,  2  490  nn)  in  Bryce  Canyon  National  Park. 
Old-growth  Pinus  ponderosa  and  Pseudotsuga  menziesii  dominate  the  over- 
story,  with  Abies  concolor  throughout  the  understory.  Large  clumps  of 
Juniperus  communis  are  conspicuous.  Other  shrubs  include  Berberis  repens 
and  Symphoricarpos  oreophilus. 
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logging  history  preceding  h.t.  descriptions).  Recovery 
from  both  fire  and  selective  logging  (high-grading)  has 
been  slow.  Dwarf  mistletoe  {Arceuthobium  douglasii) 
may  be  common  on  Pseudotsuga  menziesii.  Big  game, 
especially  deer,  apparently  make  heavy  use  of  those 
sites,  presumably  during  spring  and  fall. 

Other  studies.— Pfister  (1972)  first  noted  the  presence 
of  Abies  concolor  with  undergrowth  similar  to  the 
ABLA/BERE  h.t.  Our  BERE  phase  extends  into  north- 
ern Utah  where  Mauk  and  Henderson  (1984)  describe  it 
and  another  phase  that  resembles  our  ABCO/QUGA, 
ABCO/CELE,  and  ABCO/SYOR  h.t.s.  Similar  condi- 
tions exist  south  of  our  study  area  and  have  been 
described  as  the  Abies  concolor-Pseudotsuga  menziesii 
h.t.,  Berberis  repens  phase  in  the  San  Juan  Mountains 
(Moir  and  Ludwig  1979). 

Abies  concoIor/Juniperus  communis  h.t. 
(ABCO/JUCO;  White  Fir/Common  Juniper) 


Distribution.— ABCO/JUCO  is  a  minor  h.t.  in  the 
Sevier  and  Paunsaugunt  Plateaus,  Escalante,  and 
Tushar  Mountains.  It  usually  is  found  on  gentle  to  steep 
northern  slopes  between  7.900  and  9,000  feet  (2  410  and 
2  740  m)  in  elevation.  Adjacent,  more  moist  sites  may 
belong  to  ABCO/BERE,  while  drier  sites  are  often 
ABCO/ARPA. 

Yegetation.— Abies  concolor  is  the  indicated  climax 
tree  and  usually  dominates  mature  stands.  Pseudotsuga 
menziesii,  Picea  pungens,  Pinus  flexilis,  and  Populus 
tremuloides  are  serai  associates.  The  undergrowth  is 
characterized  by  an  easily  noticeable  and  clumpy  stra- 
tum oi  Juniperus  communis.  Other  common  shrubs 
include  Symphoricarpos  oreophilus,  Rosa  woodsii,  Ribes 
cereum,  and  Berberis  repens.  The  herbaceous  stratum  is 
usually  depauperate;  only  Carex  rossii  has  high 
constancy. 


Soils.— Our  sites  contain  gravelly  soils  derived  from 
limestone  and  andesite  and  basaltic  volcanic  parent 
materials,  with  colluvial  and  residual  depositional 
actions.  Other  features  are  similar  to  the  series 
description. 

Productivity /management.— Limited  data  suggest  tim- 
ber potentials  are  low  because  of  low  stocking  levels  and 
site  index.  In  general,  management  options  resemble 
those  of  low  elevation  sites  within  the  ABLA/JUCO  h.t. 

Other  studies.— No  other  studies  have  identified  this 
h.t. 

Abies  concolor/Symphoricarpos  oreophilus  h.t. 
(ABCO/SYOR;  White  Fir/Snowberry) 


Distribution.— ABCO/SYOR  is  a  major  h.t.  of  the 
Abies  concolor  series  and  is  found  primarily  on  the 
southern  half  of  the  Aquarius  and  Paunsaugunt 
Plateaus.  It  also  occurs  sporadically  across  the  Wasatch 
Plateau.  Typically,  sites  are  midslope  on  moderate  to 
steep  northern  slopes  between  8,400  and  9,300  feet 
(2  560  and  2  830  m)  in  elevation.  One  site  on  the 
Wasatch  Plateau  was  as  low  as  6,800  feet  (2  070  m). 
ABCO/SYOR  represents  cool  and  dry  conditions  that  are 
generally  above  the  ABCO/JUCO  and  ABCO/BERE 
h.t.'s.  More  moist  sites  may  be  lower  elevations  of 
extremes  within  the  ABLA/BERE  or  ABLA/JUCO 
h.t.'s. 

Vegetation.— Mature  stands  are  usually  dominated  by 
either  Pseudotsuga  menziesii  or  Pinus  ponderosa,  with 
only  scattered  Abies  concolor.  A  light  shrub  canopy 
dominates  the  undergrowth  (fig.  10)  and  contains 
Symphoricarpos  oreophilus,  Rosa  woodsii,  Amelanchier 
alnifolia,  and  occasionaUy  trace  amounts  of  Berberis 
repens,  Ribes  cereum,  and  Quercus  gambelii.  Carex  rossii 
and  Poa  fendleriana  are  common  graminoids.  Forbs  are 
noticeably  sparse. 
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Figure  ^0.— Abies  concolor/Symphoricarpos  oreophilus  h.t.  on  a  steep  western 
slope  (8,400  feet,  2  560  m)  just  above  the  East  Fork  Creek  on  the  Paunsaugunt 
Plateau.  The  overstory  canopy  is  comprised  of  Abies  concolor,  Pseudotsuga 
menziesii,  and  scattered  Pinus  ponderosa.  A  depauperate  undergrowth  con- 
tains Symphoricarpos  oreophilus.  Poa  fendleriana,  and  Bromus  ciliatus. 


Soils.— Our  sample  sites  are  on  predominantly  lime- 
one  or  Tertiary  sandstone  (appendix  F)  that  has  either 
eathered  in  place  or  been  modified  by  colluvial  action, 
are  soil  and  exposed  rock  are  usually  negligible, 
though  a  few  sites  contain  as  much  as  20  percent, 
tter  accumulations  average  1  inch  (2.5  cm).  Soils 
iually  contain  little  gravel,  although  textures  are 
•edominantly  sandy  loam  and  loam  (appendix  G).  As 
ith  ABCO/BERE,  many  sample  sites  have  experienced 
leet  erosion. 

Productivity /management.— Timber  potentials  are 
iually  very  low  (appendix  D).  Because  of  proximity  to 
irly  settlements,  many  stands  show  evidence  of  previ- 
is  selective  harvesting  (high-grading).  As  with 
BCO/BERE,  fires  have  been  frequent,  although  this 
pe  lacks  the  continuous  ground  fuels  to  burn  under 
ost  normEil  conditions.  Dwarf  mistletoe  [Arceuthobium 
mglasii)  is  relatively  severe  on  Pseudotsuga  menziesii 
roughout  this  type.  Wildlife  features  are  similar  to  the 


ABCO/BERE  h.t. 

Other  studies.— No  other  studies  have  described  this 
h.t. 

Picea  engelmannii  Series 

A  single  h.t.,  PIEN/RIMO,  belongs  to  our  Picea 
engelmannii  series.  Although  Picea  engelmannii  is  often 
an  important  serai  or  even  codominant  associate  in 
many  of  the  Abies  lasiocarpa  and  Abies  concolor  h.t.'s, 
interpretations  of  successional  trends  indicate  that  only 
in  the  absence  of  Abies  is  P.  engelmannii  technically 
chmax.  This  rather  narrow  concept  allows  greater 
accuracy  for  the  user.  All  sites  potentially  capable  of 
supporting  A.  lasiocarpa  or  A.  concolor  are  keyed  else- 
where, and  the  Picea  engelmannii  series  is  left  relatively 
pure. 

The  series  description  follows  that  of  the  PIEN/RIMO 
h.t. 
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Picea  engelmannii/Ribes  rnontigenum  h.t. 
(PIEN/RIMO;  Engelmann  Spruce/Mountain 
Gooseberry) 


Distribution.— PIEN/RIMO  is  a  major  h.t.  in  the 
southern  portion  of  the  study  area,  occurring  on  the 
Aquarius  and  Markagunt  Plateaus  and  throughout  the 
Boulder,  Escalante,  and  Tushar  Mountains.  It  normally 
represents  the  coldest,  highest  elevation  sites  within  the 
closed  forests;  it  may  grade  into  krummholz  with 
increased  stress  from  wind  shear  and  winter  desiccation. 
Warmer  sites  usually  belong  to  the  ABLA/RIMO  h.t. 
PIEN/RIMO  can  be  found  on  all  aspects,  but  northern 
exposures  are  most  common.  Topography  is  usually 
moderate  to  steep,  middle  to  upper  slopes  and  benches, 
with  elevations  ranging  from  10,000  to  11,440  feet  (3  050 
to  3  490  m). 

Vegetation.  — Stands  may  be  solid  and  continuous,  or 
patchy,  with  intermingled  forb  meadows.  Picea 
engelmannii  is  normally  the  only  conifer  present  on  sites 
and  often  layers  in  addition  to  regenerating  by  seed.  The 
presence  oi  Abies  lasiocarpa  is  accidental  or  may  mark 
the  ecotone  to  the  warmer  ABLA/RIMO  h.t.  Populus 
tremuloides  is  occasionally  present  as  a  minor  serai  com- 
ponent; however,  successional  rates  presumably  are  rela- 
tively rapid.  The  depauperate  undergrowth  (fig.  11)  is 
characterized  by  scattered  Ribes  montigenum,  often 
found  at  or  near  the  base  of  P.  engelmannii,  where  snow 
tends  to  melt  first.  Carex  rossii,  Festuca  ovina,  and 
sometimes  Trisetum  spicatum  are  present  in  small 
amounts.  Characteristic  forbs  include  Achillea 
millefolium,  Aquilegia  coerulea.  Astragalus  miser,  and 
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Figure  ^^.  — Picea  engelmannii/Ribes  montigenum  h.t.  on  a  gentle  south- 
eastern slope  (11,080  feet,  3  380  m)  in  the  Boulder  Mountains  near  Meeks 
Lake.  Picea  engelmannii  is  the  only  tree  on  the  site.  Ribes  montigenum  and 
Carex  rossii  characterize  the  depauperate  undergrowth. 
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iPolemonium  pulcherrimum.  Lupinus  argenteus  may 
occur  in  small  patches  where  overstory  canopy  openings 
permit  more  sunlight. 

Soils/climate.  — PIEN/RIMO  soils  are  almost  exclu- 
sively derived  from  weathered  andesitic  flows  (appendix 
F).  Most  sites,  especially  those  in  the  Boulder  Mountains, 
ihave  relatively  high  amounts  of  rock  exposed  at  the  sur- 
iface.  Bare  soil  ranges  from  none  to  60  percent.  Litter 
depth  is  relatively  constant  in  sites  having  little  distur- 
bance and  averages  1  inch  (2.5  cm).  Surface  textures 
range  from  sandy  loam  to  clay  loam,  but  loam  and  silt 
loam  are  most  common  (appendix  G).  Climatological  data 
for  the  type  are  represented  by  the  Blowhard  Radar 
Station  (appendix  H).  Although  ambient  air  tempera- 
tures displayed  are  reasonable,  this  site  receives  exten- 
sive winds  that  may  reduce  snowpack  accumulations 

Tla  representative  of  the  complete  range  of  the  h.t.  (Arlo 
Richardson,  retired  Utah  State  Climatologist,  pers. 
comm.).  It  probably  provides  a  characteristic  example  of 

:om§Picea  engelmannii  krummholz. 

Productivity/management.— Timber  potentials  are  low 
to  moderate  (appendixes  D  and  E).  The  low  site  index 
for  Picea  engelmannii,  short  growing  seasons,  and  rocky 

noij  soils  combine  to  reduce  yields.  Under  the  best  conditions 
at  lower  elevations,  small  openings  that  maintain  the 
site  protection  from  wind  and  high  insolation  may 
respond  favorably.  Careful  consideration  should  be  given 
the  prevailing  wind  patterns  and  wind  firmness  of  the 
existing  stand  before  creating  openings.  MieUce  (1950) 
and  Schmid  and  Hinds  (1974)  discuss  the  severe  over- 
story  die-off  of  P.  engelmannii  resulting  from  bark  beetle 
(Dendroctonus  rufipennis  [Kirby];  =  D.  engelmannii 
[Hopkins])  infestations  in  the  Boulder  Mountains,  from 
1916  to  1929.  Schmid  and  Frye  (1977)  relate  outbreaks 
of  the  beetle  to  a  variety  of  factors,  including  blowdown 
and  fuels  accumulation.  Periodic  infestation  has  most 
likely  helped  create  the  existing  all-age  structure. 
Silvicultural  prescriptions  should  be  designed  to  elimi- 
nate quantities  of  slash  that  encourage  beetle  population 
buildups,  but  also  to  retain  slash  for  amelioration  of  site 
conditions  following  overstory  removal.  Also  likely  to 
affect  management  of  P.  engelmannii  is  the  presence  of 
shoestring  root  rot,  Armillaria  mellea.  Big  game,  espe- 
cially deer  and  elk,  may  use  the  PIEN/RIMO  h.t.  for 
summer  and  fall  hiding  and  thermal  cover,  moving  out 
into  adjacent  meadows  for  forage.  Canopy  removal,  by 
cutting  or  natural  processes,  may  increase  undergrowth 
forage  shghtly.  On  most  sites,  because  ji.  the  late  snow- 
melt,  watershed  protection  will  be  the  highest  manage- 
ment emphasis. 

Other  studies.— Similar  conditions  have  been  described 
from  the  Wind  River  and  Owl  Creek  Mountains  in 
Wyoming,  although  these  sites  also  support  Pinus 
\contorta  and  Pinus  albicaulis  (Steele  and  others  1983).  In 
Utah,  PIEN/RIMO  was  first  described  by  Pfister  (1972) 
from  the  Boulder  Mountains.  This  treatment  maintains 
the  previous  concept  and  extends  the  distribution  to 
lother  high  elevation  plateaus. 


Picea  pungens  Series 

Distribution.— Stands  containing  Picea  pungens  as  a 
component  occur  throughout  the  study  area,  with  the 
exception  of  the  LaSal,  Abajo,  and  Pine  Valley  Mountains. 
Picea  pungens  becomes  increasingly  more  important  in 
central  and  southern  Colorado  (Eyre  1980).  Its  absence 
in  the  LaSal  and  Abajo  Mountains  may  partially  be  the 
result  of  bedrock;  these  areas  contain  more  igneous  par- 
ent material  within  the  elevational  zone  in  which  P. 
pungens  might  survive. 

Picea  pungens  is  a  climax  dominant  in  only  three 
h.t.'s.  The  series  is  somewhat  unique  in  that  it  contains 
moist  sites  (PIPU/EQAR)  and  relatively  dry  sites 
(PIPU/BERE  and  PIPU/JUCO)  but  lacks  the  full  spec- 
trum of  mesic  sites.  Elevational  ranges  are  best 
presented  by  h.t.  but  extend  from  7,600  to  9,000  feet 
(2  320  to  2  740  m).  Sites  are  normally  on  gentle  slopes 
and  benches  or  alluvial  terraces,  usually  associated  with 
cold  air  accumulation.  Ecotones  with  adjacent  types 
vary  by  h.t. 

Vegetation.— Although  Picea  pungens  is  the  climax 
tree,  many  other  species  are  common  associates.  Picea 
engelmannii  is  also  occasionally  considered  climax  within 
this  series  when  it  occurs  within  the  PIPU/EQAR  h.t. 
Most  important  serai  associates  of  the  series  include 
Pseudotsuga  menziesii,  Populus  tremuloides,  and  Pinus 
ponderosa.  Picea  pungens  is  more  intolerant  than  Abies 
lasiocarpa,  Abies  concolor,  and  P.  engelmannii.  It 
produces  moderate  to  heavy  cone  crops  in  most  years 
and  thus  may  be  relatively  sensitive  in  its  seedbed 
requirements  (Jones  1974).  Cones  are  often  cached  in 
large  middens  by  the  red  squirrel  (Tamiasciurus 
hudsonicus)  in  cool,  moist  sites  (Finley  1969).  These  sites 
may  belong  to  either  the  PIPU/JUCO  or  PIPU/EQAR 
h.t.'s.  The  undergrowth  within  the  series  varies  by  h.t. 
and  is  characteristically  forby  in  PIPU/EQAR,  shrubby 
in  PIPU/JUCO,  and  almost  depauperate  in  PIPU/BERE. 

Soils/climate.— Alluvial,  fluvial,  and  coUuvial  deposi- 
tions are  all  represented  within  the  series.  Nonigneous 
parent  material  is  more  common  but  not  exclusive 
(appendix  F).  Climatic  data  are  not  available  for  this 
rather  narrow  series. 

Productivity/management.— Timber  values  are  best  on 
the  most  moderate  portions  of  PIPU/BERE,  but  limited 
opportunities  also  exist  within  the  PIPU/JUCO  h.t. 
Pinus  ponderosa,  if  present,  presents  the  most  opportu- 
nities for  management.  Otherwise,  Pseudotsuga 
menziesii,  Picea  pungens,  and  even  Populus  tremuloides 
may  be  considered,  depending  upon  h.t.  Watershed  pro- 
tection constraints  in  the  PIPU/EQAR  h.t.  will  usually 
outweigh  other  resource  values. 


37 


Picea  pungens/Equisetum  arvense  h.t. 
(PIPU/EQAR;  Blue  Spruce/Common  Horsetail) 


Distribution.— PIPU/EQAR  is  a  minor  h.t.  that  occurs 
in  the  southern  portion  of  the  study  area,  including  the 
Aquarius  and  Paunsaugunt  Plateau.  It  ranges  in  eleva- 
tion from  8,000  to  9,000  feet  (2  440  to  2  740  m)  and  is 
restricted  to  gentle  lower  subirrigated  slopes  and 
benches  or  terraces  adjacent  to  streams.  It  most  com- 
monly occurs  on  northwest  to  northeast  aspects,  but 
probably  is  more  significantly  influenced  by  edaphic  rela- 
tionships. Surface  topography  is  usually  hummocky. 
Adjacent  drier  sites  are  strongly  contrasting  and  usually 
belong  to  PIPU/JUCO,  PSME/SYOR,  PSME/BERE, 
ABLA/RIMO,  ABLA/BERE.  ABLA/JUCO,  or 
ABLA/CARO.  More  moist  sites  usually  support  riparian 
communities  such  as  those  dominated  by  Populus 
angustifolia. 

Vegetation.— A'cea  pungens  dominates  the  site.  On 
well-drained  extremes  of  this  type,  Populus  tremuloides 
may  persist  as  a  serai  component.  Pseudotsuga 
menziesii,  Abies  lasiocarpa,  or  Picea  engelmannii  may 
also  occur  infrequently;  their  presence  is  usually  associ- 
ated with  raised  microsites  created  by  root  crown  hum- 
mocks and  windthrow  mounds.  The  dense  undergrowth 
is  dominated  by  forbs  and  graminoids.  Coverage  of 
Equisetum  arvense,  Geranium  richardsonii,  Smilacina 
stellata,  Osmorhiza  chilensis,  and  Thalictrum  fendleri  is 
abundant.  Common  graminoids  include  Carex  disperma 
and  Glyceria  elata.  At  the  wet  extreme  of  this  type, 
undisturbed  sites  may  be  dominated  by  a  single  species 
such  as  Equisetum,  Carex,  or  Glyceria.  Increased  distur- 
bance usually  results  in  higher  diversity  of  associated 
forbs.  A  light  shrub  layer  may  sometimes  exist  consist- 
ing of  Lonicera  involucrata,  Rosa  woodsii,  or 
Symphoricarpos  oreophilus,  usually  on  raised  hummocks. 

Soils.— Parent  materials  usually  consist  of  basalt  or 
Cretaceous  sandstone.  Soils  show  strong  influence  of 
fluvial  deposition  and  lack  coarse  fragments.  Textures 


are  sUt  loam  to  clay  loam.  Most  sites  have  a  thick 
accumulation  of  litter  and  partially  decomposed  organic 
matter;  this  averages  5.6  inches  (14.4  cm).  Ground- 
disturbing  activities  can  often  chum  this  into  muck 
because  of  the  high  water  tables.  Bare  soil  and  exposed 
rock  are  negligible. 

Productivity/management.— Timber  potentials  are  moder- 
ate, but  site  instability  presents  major  considerations  for 
any  attempts  in  overstory  removal.  Even  small  group  or 
single-tree  selection  systems,  with  activity  contained  to 
when  soils  are  frozen,  will  result  in  a  raised  water  table 
and  possible  soil  loss.  Picea,  growing  under  these  moist 
conditions,  is  also  extremely  susceptible  to  windthrow.  Big 
game,  especially  black  bear  and  elk,  may  make  seasonal 
use  of  these  sites. 

Other  studies.— PIPU/EQAR  is  similar  to  conditions  in 
western  Wyoming  and  central  Idaho  described  by  Steele 
and  others  (1983)  and  Steele  and  others  (1981),  except 
Picea  pungens  is  replaced  by  Picea  engelmannii.  These 
researchers  distinguished  two  different  h.t.'s  based  upon 
the  presence  of  Equisetum  arvense  and  Carex  disperma. 
The  PIEN/EQAR  h.t.  is  also  found  in  northern  Utah, 
where  it  includes  P.  pungens  (Mauk  and  Henderson  1984). 
This  treatment  combines  Equisetum  arvense  and  Carex 
disperma  for  southern  Utah  because  of  their  ecological 
similarities  in  site  and  the  similEirities  in  management. 

Picea  pungens/Juniperus  communis  h.t. 
(PIPU/JUCO;  Blue  Spruce/Common  Juniper) 


Distribution.- PIPU/JUCO,  a  major  h.t.  within  the  cen- 
tral portion  of  the  study  area,  occupies  middle  to  lower 
slopes,  benches,  and  stream  bottoms  where  cold  air  ac- 
cumulates. It  occurs  on  a  variety  of  aspects  and  eleva- 
tions, but  northwest  to  northeast  at  8,000  to  8,600  feet 
(2  440  to  2  620  m)  are  most  common.  Ecotones  with  adja- 
cent types  are  relatively  sharp  and  distinct;  more  moist 
sites  may  belong  to  PIPU/EQAR  or  undescribed  riparian 
types,  while  warmer  sites  usually  belong  to  PIPU/BERE 
or  PSME/BERE. 
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Vegetation.— Acea  pungens  is  the  dominant  conifer  in 
serai  and  relatively  open,  mature  stands.  Pinus  ponderosa, 
Pseudotsuga  menziesii,  Pinus  flexilis,  Juniperus 
scopulorum,  and  Populus  tremuloides  may  all  be  present 
as  serai  associates.  The  undergrowth  is  dominated  by  a 
low,  light  shrub  canopy  consisting  of  Juniperus  communis, 
Arctostaphylos  uva-ursi,  Symphoricarpos  oreophilus,  Rosa 
woodsii,  Pachistima  myrsinites,  and  Berberis  repens  (fig. 
12).  The  herbaceous  stratum  is  usually  depauperate  and 
may  include  Carex  rossii,  Achillea  millefolium  Geranium 
viscosissimum,  and  Thalictrum  fendleri  in  trace  amounts. 

Soils.— Most  sites  are  in  alluvium  or  colluvium  derived 
from  Hmestone,  dolomite,  or  Cretaceous  sandstone 
(appendix  F).  About  half  the  samples  had  some  gravel  in 
the  subsurface.  Exposed  rock  at  the  surface  is  negUgible; 
however,  bare  soil  ranges  from  none  to  60  percent, 
undisturbed  sites  have  litter  accumulations  of  about  1.2 
inches  (3  cm).  Surface  textures  range  from  sandy  loam  to 
clay  loam  (appendix  G). 


Productivity /meinagement.— Timber  potentials  are  very 
low  (appendix  D),  and  management  opportunities  are 
dependent  upon  the  presence  of  the  associated  species.  In 
the  warm  extremes  of  this  type,  Pinus  ponderosa  may  be 
favored  by  Ught  shelterwood  systems.  Pseudotsuga  and 
Picea  pungens  may  also  respond  to  shelterwood  methods. 
Careful  consideration  needs  to  be  given  to  the  potential  for 
increasing  the  effects  of  cold  air  drainage  and  frost 
pockets. 

Other  studies.— No  other  studies  have  described  the 
PIPU/JUCO  h.t.,  although  it  appears  to  have  a  weak 
affinity  with  the  Picea  pungens-Pseudotsuga  menziesii  h.t., 
Juniperus  communis  phase  described  for  the  Sangre  de 
Cristo  and  San  Juan  Mountains  in  Colorado  and  New 
Mexico  (Moir  and  Ludwig  1979).  Portions  of  the 
PIPU/BERE  h.t.  described  by  Kerr  and  Henderson  (1979) 
are  contained  within  this  type. 


Figure  ^2.— Picea  pungens/Juniperus  communis  h.t.  on  a  gentle  northern 
slope  (8,130  feet,  2  480  nn)  north  of  Pine  Lake  in  the  Escalante  Mountains. 
Picea  pungens  and  scattered  Pinus  ponderosa  and  Juniperus  scopulorum 
create  a  broken  canopy.  Juniperus  communis  clumps  are  conspicuous  in  the 
undergrowth. 
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Picea  pungens/Berberis  repens  h.t. 
(PIPU/BERE;  Blue  Spruce/Oregon  Grape) 


Distribution.— PIPU/BERE  is  a  major  type  within  the 
Picea  pungens  series  and  is  found  throughout  the  study 
area,  except  for  the  LaSal,  Abajo,  and  Pine  Valley  Moun- 
tains. It  occupies  a  variety  of  aspects  from  7,800  to  9,000 
feet  (2  380  to  2  740  m)  in  elevation.  Typical  sites  are  cool 
and  dry  steep  midelevation  slopes  or  benches.  Many  have 
undulating  terrain.  This  type  represents  the  zone  of  cli- 
matic climax  for  Picea  pungens;  its  distribution  at  lower 
elevations  is  usually  associated  with  riparian  systems. 
PIPU/BERE  may  border  ABCO/BERE,  PSME/BERE,  or 
ABLA/BERE  at  the  higher  elevation  extremes. 

Vegetation.— Although  Picea  pungens  is  the  climax  tree, 
Pseudotsuga  menziesii,  Pinus  flexilis,  and  Populus 
tremubides  may  dominate  as  serai  associates  in  relatively 
open  stands.  In  some  places,  Pinus  ponderosa  may  also 
persist  and  might  deserve  recognition  as  a  separate  phase. 
The  undergrowth  is  characterized  by  a  dominance  of 
shrubs.  The  low  canopy  consists  of  Berberis  repens, 
Juniperus  communis,  Pachistima  myrsinites,  Ribes  cereum, 
Rosa  woodsii,  Symphoricarpos  oreophilus,  and  Artemisia 
tridentata  ssp.  vaseyana.  The  herbaceous  stratum  is  nor- 
mally depauperate;  only  Achillea  millefolium,  Poa  fendleri- 
ana,  and  the  ubiquitous  Carex  rossii  have  relatively  high 
constancy  but  low  average  cover. 

Soils.— Parent  materials  are  variable,  depending  upon  ge- 
ographic locale,  and  include  limestone  and  dolomite.  Ter- 
tiary and  Cretaceous  sandstones,  basalt  and  andesite  (ap- 
pendix F).  Most  sites  are  in  colluvium  or  residual  material. 
Surface  textures  range  from  sandy  loam  to  clay  loam  (ap- 
pendix G);  the  majority  are  in  the  finer  classes.  Most  sites 
have  some  exposed  rock  and  bare  soil,  although  the 
amounts  are  not  extreme.  Litter  accumulations  average  0.9 
inch  (2.4  cm). 

Productivity/management.— Timber  potentials  are  very 
low  (appendixes  D  and  E).  In  the  more  moderate  extremes 
of  this  h.t.,  small  clearcuts  and  shelterwood  systems  may 


be  successful  for  regeneration  of  Picea  pungens  and  Pseu- 
dotsuga menziesii.  Site  index  is  relatively  high  for  both  P. 
pungens  and  Pinus  ponderosa,  but  stocking  Limitations  will 
reduce  yields.  There  also  appear  to  be  opportunities  for 
managing  Populus  tremuloides  within  this  h.t.  Big  game 
use  will  normally  be  restricted  to  seasonal  hiding  and  ther- 
mal cover;  only  limited  browse  is  available.  Domestic  live- 
stock will  find  only  negligible  herbage,  usually  in 
association  with  serai  P.  tremuloides  communities. 

Other  studies.— Pfister  (1972)  first  suggested  the  pres- 
ence of  a  PIPU/BERE  h.t.  in  southern  Utah,  although  he 
provided  no  description.  Kerr  and  Henderson  (1979) 
described  the  type  from  the  northern  portion  of  the 
Wasatch  Plateau.  This  treatment  divides  their  concept, 
resulting  in  this  and  the  PIPU/JUCO  h.t.s.  PIPU/BERE 
also  extends  into  northern  Utah,  where  it  occurs  locally  in 
the  southeastern  Uinta  Mountains  (Mauk  and  Henderson 
1984).  Their  stands  contain  Pinus  contorta,  missing  from 
southern  Utah,  and  a  somewhat  expanded  shrub  associa- 
tion. A  Picea  pungens-Pseudotsuga  menziesii  h.t.  with 
several  phases  has  been  described  for  parts  of  Arizona  and 
New  Mexico  (Moir  and  Ludwig  1979)  that  environmentally 
resembles  PIPU/BERE,  although  it  contains  greater  varia- 
bility in  the  shrub  and  forb  components  and  lacks  Pinus 
ponderosa. 

Pinus  flexJUs-Pinus  longaeva  Series 

Distribution.— The  Pinus  flexilis-Pinus  longaeva  series  oc- 
curs throughout  the  study  area  and  denotes  some  of  the 
driest  sites  capable  of  supporting  trees  other  than 
Juniperus.  It  can  be  found  on  all  aspects  but  is  more  com- 
mon on  southwest  exposures  on  steep  convex  slopes  and 
ridges  between  9,000  and  10,200  feet  (2  740  and  3  100  m). 
At  the  lower  elevations,  the  series  may  form  the  lower 
timberline  zone  merging  with  savannalike  Juniperus  or 
Cercocarpus  woodlands.  More  commonly,  it  represents  a 
topographic  or  edaphic  climax  within  the  Abies  lasiocarpa 
and  upper  Pseudotsuga  menziesii  zones. 

Vegetation.— The  series  is  named  for  the  tentative  union 
of  two  climax  trees,  Pinus  flexilis  and  Pinus  longaeva. 
Bailey  (1970)  and  Cronquist  and  others  (1972)  recently 
showed  that  P.  longaeva  is  sufficiently  different  from  typi- 
cal Pinus  aristata  in  needle  characteristics,  thus  warranting 
a  new  name,  P.  longaeva,  based  upon  age  of  the  in- 
dividuals. Probably  just  as  important  is  the  distribution  of 
the  two  species.  P.  aristata  is  more  common  in  the  eastern- 
most ranges  of  the  Colorado  Rockies  and  into  New  Mex- 
ico, while  P.  longaeva  occurs  from  eastern  California 
through  southeastern  Nevada  and  into  central  Utah;  thus, 
the  ranges  do  not  overlap  (Eyre  1980).  Pinus  flexilis  and  P. 
longaeva  are  both  long-lived,  with  P.  flexilis  reaching  2,500 
years  and  P.  longaeva  at  least  4,000  years.  Natural 
regeneration  of  P.  flexilis  appears  to  be  closely  associated 
with  caching  of  the  large  wingless  seeds,  primarily  by 
Clark's  nutcracker  (Nucifraga  columbiana)  (Lanner  and 
Vander  Wall  1980).  Germination  of  cached  seeds  often 
results  in  the  multiple-stemed  clumps  characteristic  of 
these  sites,  although  the  species  may  produce  multiple 
stems  from  boles  damaged  near  the  ground.  Germination 
and  rooting  will  sometimes  be  restricted  to  crevices  in 
rock.  Pinus  longaeva  has  smaller,  winged  seeds  and  should 
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I  be  wind  disseminated.  However,  caching  by  nutcrackers 
does  take  place,  especially  when  other  Pinus  species  are 
also  available  (Dr.  Ronald  Lanner,  Utah  State  University, 
pers.  comm.). 

Scattered,  open-grown  Pseudotsuga  menziesii  often 
occur  as  a  common  associate  of  the  Pinus  flexilis-Pinus 
longaeva  series.  Its  presence  can  usually  be  interpreted 
as  indicating  the  more  moderate  extremes  of  the  series. 
On  the  most  severe  sites,  Pseudotsuga  menziesii  may  be 
accidental  or  absent,  and  the  more  intolerant  and 
drought-resistant  Pinus  species  will  persist  (fig.  13). 
With  increasing  moisture,  P.  menziesii  may  gain  a  com- 
petitive edge  over  P.  flexilis.  The  resulting  ecotone  be- 
tween this  series  and  the  warm  and  dry  Pseudotsuga 
h.t.'s  such  as  PSME/CEMO,  PSME/CELE,  and 
PSME/SYOR  may  be  somewhat  tenuous.  Other  occa- 
sional associates  of  the  series  include  serai  clones  of 
Populus  tremuloides  and  scattered  Juniperus 
scopulorum. 

Undergrowth  within  the  Pinus  flexilis-Pinus  longaeva 
series  is  extremely  diverse  and  thus  does  not  allow  clear 
h.t.  distinctions.  Most  sites  are  characterized  as  shrubby 
land  support  scattered  Symphoricarpos  oreophilus, 
\juniperus  communis,  Cercocarpus  ledifolius,  Cercocarpus 
montanus,  Ribes  cereum,  Berberis  repens,  Rosa  woodsii, 
or  Haplopappus  suffruticosus.  Less  often  the  shrub  stra- 
tum is  missing,  and  bunchgrasses  such  as  the  ubiquitous 
Carex  rossii,  and  Leucopoa  kingii,  Elymus  salina,  or 
Muhlenbergia  montana  become  somewhat  conspicuous. 
Common  forbs  include  Astragalus  miser,  Achillea 
millefolium,  Hymenoxys  richardsonii,  and,  on  the  most 
mesic  sites,  Thalictrum  fendleri.  Two  h.t.'s  were  tenta- 
tively considered;  the  diagnostic  undergrowth  species  are 
Cercocarpus  ledifolius  and  a  union  of  Juniperus 
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communis  and  Symphoricarpos  oreophilus.  However,  in- 
sufficient data  and  overall  management  similarities 
result  in  no  distinctions  beyond  the  series  level. 

Soils.— The  series  occurs  on  a  variety  of  substrates  but 
is  best  represented  on  colluvium  derived  from  limestone 
and  dolomite  or  Tertiary  and  Cretaceous  sandstone 
(appendix  F).  A  characteristic  feature  is  the  predomi- 
nance of  bare  soil;  almost  all  sites  have  some  and  most 
sites  have  between  25  and  50  percent.  Consequently,  lit- 
ter accumulations  are  slight  and  intermittent.  Most  sites 
are  droughty  with  gravel  in  the  shallow  subsurface 
horizons.  Surface  textures  vary  depending  upon  parent 
material.  Steep  slopes,  high-intensity  summer  convection 
storms,  and  only  partial  ground  cover  for  interception 
often  result  in  severe  sheet  erosion  of  fine  particles.  This 
usually  leads  to  the  development  of  gravel  pavements. 
Additional  erosion  can  be  expected  from  wind  action. 
High  insolation  and  wind  during  the  winter  usually 
result  in  reduced  snowpack  accumulations.  However, 
soils  can  be  expected  to  freeze.  Plant  evapotranspira- 
tional  stresses  should  be  high  year-long.  Climatological 
data  representative  of  this  series  are  not  available. 

Productivity /management.— Timber  potentials  are  very 
low  to  low  and  represent  the  poorest  sites  within  the 
study  area  (appendix  D).  Even  when  occasional 
Pseudotsuga  may  have  respectable  site  indexes,  stocking 
reductions  and  regeneration  failures  will  preclude  any 
management  attempts.  Higher  values  include  the  limited 
watershed  protection  and,  probably  most  important, 
wildlife  habitat  attributes.  The  series  often  provides  key 
winter  range  for  big  game,  especially  when  browse  such 
as  Cercocarpus,  Rosa  woodsii,  and  Ribes  cereum  are 
available.  Even  in  years  of  low  snowpack,  sites  will 
receive  intense  pressure  for  all  available  forage.  As 
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Figure  13.— A  typical  site  within  the  Pinus  flexilis-Pinus  longaeva  series,  near 
Cedar  Breal<s  National  Monument  on  thie  Markagunt  Plateau.  The  site  is  at 
9,660  feet  (2  940  m)  on  a  southwest  aspect.  Pinus  longaeva  creates  the 
canopy,  with  scattered  Pinus  flexilis  saplings  also  present. 
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previously  noted,  the  pinenuts  provide  a  critical  food 
supply  for  the  nutcracker.  Small  mammals  and  birds 
may  also  benefit  from  this  caching,  and  thus  hawks  and 
owls  rely  upon  these  sites  for  their  prey  base.  Fire  histo- 
ries within  this  series  are  scant.  Some  sites  show  evi- 
dence of  past  light  surface  wildfires,  but  the  effect  upon 
undergrowth  is  difficult  to  determine.  Most  sites  develop 
such  low  and  discontinuous  fuel  accumulations  that  fire 
spread  is  negligible.  Generalized  successional  models  and 
hypothesized  fire  effects  for  climax  Pinus  flexilis  sites  in 
Colorado  are  presented  by  Crane  (1982)  and  appear 
reasonable  for  many  of  the  graminoid-dominated  situa- 
tions within  this  series  in  southern  Utah.  Her  work  does 
not  appear  appropriate  for  the  more  common  shrub- 
dominated  sites. 

Other  studies.— The  Pinus  flexilis  series  is  present  in 
many  other  areas,  and  h.t.'s  have  been  described  from 
Montana  (Pfister  and  others  1977),  central  Idaho  (Steele 
and  others  1983),  and  northern  Utah  (Mauk  and 
Henderson  1984).  In  central  Utah,  Ellison  (1954) 
described  Pinus  flexilis  communities  on  the  Wasatch 
Plateau  growing  on  dry  limestone  cliffs  and  ridges. 
Pfister  (1972)  also  notes  the  presence  of  climax  P.  flexilis 
and  briefly  describes  two  sites  supporting  Pinus 
longaeva  on  outcrops  of  Wasatch  limestone.  Workers  in 
Colorado  have  described  several  bunchgrass-type  h.t.'s 
for  Pinus  aristata;  these  should  not  be  confused  with 
this  series. 

Pseudotsuga  menziesii  Series 

Distribution.  — Sites  supporting  Pseudotsuga  menziesii 
as  the  dominant  climax  tree  are  not  as  common  within 
the  study  areas  as  either  Abies  lasiocarpa,  Abies 
concolor,  Picea  engelmannii,  or  Pinus  ponderosa.  The 
Pseudotsuga  menziesii  series  consists  of  seven  h.t.'s;  all 
but  two  (PSME/BERE  and  PSME/SYOR)  are  considered 
minor  or  incidental.  Types  are  generally  found  scattered 
throughout  the  eastern  half  of  the  study  area  and  range 
in  elevation  from  7,200  to  9,700  feet  (2  190  to  2  960  m). 
Typically,  climax  P.  menziesii  sites  are  on  cool  slopes 
above  P.  ponderosa  and  below  A.  lasiocarpa  series.  Occa- 
sionally the  Abies  concolor  series,  more  common  along 
the  western  flank  of  the  Wasatch,  Fish  Lake,  and  Sevier 
Plateaus,  will  form  the  upper  boundary  with  this  series. 
Both  PSME/CELE  and  PSME/CEMO  represent  lower 
timberline  conditions  and  are  often  adjacent  to 
shrublands. 


Vegetation.-Only  PSME/PHMA,  PSME/BERE,  and 
PSME/SYOR  represent  sites  capable  of  supporting 
closed,  dense  stands  of  Pseudotsuga  menziesii.  Other 
h.t.'s  within  the  series  are  more  open  and  savannalike. 
Populus  tremuloides  or  Pinus  ponderosa  are  important 
serai  associates  on  most  sites.  Undergrowth  is  often 
dominated  by  a  variety  of  tall  shrubs;  only 
PSME/BERE  and  PSME/SYOR  have  open,  low  shrub 
strata. 

Soils/climate.— Our  series  shows  a  strong  affinity  for 
limestones  and  sandstones  rather  than  igneous  parent 
materials  (appendix  F).  Only  PSME/SYOR  is  found  most 
often  on  basaltic  bedrock.  This  relationship  with  non- 
acidic  substrates  was  first  presented  by  Steele  and 
others  (1983)  based  on  work  in  Idaho  and  Wyoming.  It 
apparently  also  holds  in  northern  Utah  (Mauk  and 
Henderson  1984).  The  Pseudotsuga  series  often 
represents  sites  with  shallow,  rocky  soils  and  relatively 
high  amounts  of  bare  ground.  Climatic  patterns  for  the 
series  are  best  represented  by  the  Hiawatha  and  Joes 
Valley  stations  (appendix  H).  In  general,  this  series 
represents  cool  sites  with  spring  or  early  summer 
droughts  sufficient  to  exclude  establishment  of  Abies 
concolor  or  Abies  lasiocarpa. 

Productivity /management. —Timber  management 
appears  feasible  on  better  sites  within  the  PSME/BERE 
and  PSME/SYOR  h.t.'s.  Shelterwood  or  occasionally 
small  clearcutting  systems  will  encourage  Pseudotsuga 
regeneration  if  sites  are  protected  from  high  insolation 
and  wind.  Pinus  ponderosa  should  be  favored  within  the 
PIPO  phase  of  PSME/BERE.  When  silvicultural 
prescriptions  are  developed,  careful  consideration  should 
be  given  to  competition  from  shrubs  and  graminoids, 
stocking  limitations  on  rocky  sites,  severity  of 
Arceuthobium  douglasii  infection,  and  browsing  by 
wildlife. 

Fire  may  play  an  important  part  in  shaping  many 
stands  within  the  Pseudotsuga  series.  The  presence  of 
Populus  tremuloides,  Quercus  gambelii,  and 
Arctostaphylos  patula  may  be  indicative  of  sites  with 
recent  fires.  However,  our  series  does  not  contain  the 
common  graminoids  that  are  so  important  for  frequent 
light  surface  fires  characteristic  of  other  areas,  especially 
Idaho  and  Montana.  On  some  sites,  especially  within 
PSME/CELE  and  PSME/CEMO,  fires  may  be  infrequent 
because  of  noncontinuous  ground  fuels.  Crane  (1982) 
presents  generalized  fire  effects  and  successional  trends 
for  some  Colorado  types  that  appear  appropriate  for  our 
PSME/BERE-BERE,  PSME/PHMA,  and  PSME/SYOR 
h.t.'s  if  Pinus  ponderosa  is  not  present. 
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^sedotsuga  mensiesii/Physocarpus  malvaceus  h.t. 
PMSE/PHMA;  Douglas-Fir/Ninebark) 

Distribution.— PSME/PHMA  is  an  incidental  type  con- 
ined  to  the  northern  Fish  Lake  and  Wasatch  Plateaus. 
t  also  extends  along  the  Wasatch  Front  into  Idaho 
efer  to  "Other  studies").  It  typically  occurs  on  steep 
niddle  to  upper  elevation  slopes  with  northern  aspects. 
Vithin  the  study  area,  sites  ranged  from  8,000  to  9,100 
eet  (2  440  to  2  780  m);  lower  elevations  are  more  com- 
aon  northward.  The  type  may  be  adjacent  to  drier,  less 
rotected  sites  described  by  PSME/CEMO  or 
*SME/BERE.  More  moist  sites  typically  belong  to  the 
Vbies  lasiocarpa  or  Abies  concolor  series. 

Vegetation.— Pseudo^si/^a  menziesii  is  normally  the 
nly  conifer  on  the  site.  Populus  tremuloides  may  occur 
s  a  serai  associate.  The  undergrowth  is  characterized  by 

dense  layer  of  shrubs,  including  Physocarpus 
lalvaceus,  Symphoricarpos  oreophilus,  and  Amelanchier 
Inifolia.  These  usually  overtop  Berberis  repens, 
'achistima  myrsinites,  and  Rosa  woodsii. 

Soils.— Stands  developed  on  coarse  soils  derived  from 
mestone  and  sandstone.  This  is  consistent  with  similar 
onditions  throughout  the  PSME/PHMA  h.t.  outside 
his  study  area. 

Productivity/management.— Timber  potentials  are 
sually  low.  The  steep  slopes,  loose  soils,  and  dense 
hrub  layers  reduce  opportunities  of  overstory  manipula- 
ions.  Best  management  stratagies  may  involve  big 
ame  habitat  protection  because  of  the  hiding  and  ther- 
lal  cover  associated  with  these  sites. 

Other  studies.— Originally  described  by  Daubenmire 
nd  Daubenmire  (1968)  for  northern  Idaho,  the 
SME/PHMA  h.t.  has  a  relatively  large  geographical 
istribution.  It  is  a  common  type  in  Montana  (Pfister 

d  others  1977)  where  a  Calamagrostis  rubescens  phase, 
ith  serai  Pinus  ponderosa,  and  a  modal  Physocarpus 
hase  are  identified.  Two  additional  phases  exist  in  cen- 

al  Idaho.  The  Pinus  ponderosa  and  Pseudotsuga 

enziesii  phases  differ  in  their  serai  associations  (Steele 

nd  others  1981).  A  geographical  variant,  named  for  the 

resence  of  Pachistima  myrsinites,  is  described  from 

istern  Idaho  and  western  Wyoming  (Steele  and  others 

383).  This  phase  apparently  extends  through  northern 

tah  (Mauk  and  Henderson  1984)  and  forms  the  basis 
ir  this  description. 


Pseudotsuga  menziesii/Cercocarpus  ledifolius  h.t. 
(PSME/CELE;  Douglas-Fir/Curlleaf 
Mountain-Mahogany) 


Distribution.  — PSME/CELE,  a  relatively  minor  h.t. 
throughout  the  study  area,  may  be  locally  common  along 
the  eastern  portion  of  the  Wasatch  Plateau.  Typical  sites 
are  on  steep  (samples  averaged  55  percent)  convex  to 
straight  slopes  on  a  variety  of  aspects.  Elevations  gener- 
ally range  from  8,500  to  9,300  feet  (2  590  to  2  830  m), 
but  normally  represent  lower  timberline  conditions.  Non- 
forest  communities  dominated  by  Cercocarpus  ledifolius, 
Juniperus,  or  Artemisia-sieT^^e  usually  abut  the  lower  or 
drier  portions.  Cooler,  more  moist  sites  are  often 
influenced  by  soil  characteristics  and  the  abundance  of 
surface  rock  and  may  belong  to  PSME/BERE. 

Vegetation.— Usually  Pseudotsuga  menziesii  is  the 
dominant  conifer  on  the  site.  In  southern  Utah,  Pinus 
ponderosa  becomes  increasingly  more  important  as  a 
serai  associate.  These  sites  represent  a  broad  transition 
between  the  more  northern  PSME/CELE  sites  and  the 
PIPO/CELE  h.t.  found  in  the  Pine  Valley  Mountains 
and  Markagunt  and  Sevier  Plateaus.  Other  conifers 
include  Juniperus  scopulorum  and  Pinus  edulis.  Populus 
tremuloides  is  sometimes  a  serai  component,  although  it 
probably  is  responding  to  microsite  influences  in  soils. 
The  shrubby  undergrowth  is  usually  more  dense  than 
the  open-canopied  overstory  (fig.  14)  and  consists  of 
Cercocarpus  ledifolius,  Symphoricarpos  oreophilus, 
Artemisia  tridentata  ssp.  vaseyana,  and  Berberis  repens. 
Herbaceous  associates  are  minor  and  inconsistent,  with 
only  Poa  fendleriana  occurring  in  about  half  the  sample 
stands. 
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Figure  ^'^.—Pseudotsuga  menziesii/Cercocarpus  ledifolius  h.t.  on  a  steep,  rocky 
north  slope  (8,000  feet,  2  440  m)  southwest  of  Panguitch.  Pinus  ponderosa  and 
Pseudotsuga  menziesii  create  an  open  overstory.  Cercocarpus  ledifolius. 
Artemisia  tridentata  ssp.  vaseyana.  and  Juniperus  scopulorum  extend  down- 
ward into  the  nonforest  shrublands. 


Soils.— Soil  parent  materials  are  predominantly 
Cretaceous  and  Tertiary  sandstone,  although  igneous 
bedrock  is  also  represented  (appendix  F).  Surface  tex- 
tures are  usually  coarse.  Most  sites  had  some  bare  soil 
and  exposed  rock.  Litter  accumulations  are  charateristi- 
cally  low,  averaging  0.5  inch  (1.3  cm). 

Productivity/management.— Timber  potentials  are  very 
low  (appendix  D).  Low  stocking,  rocky  steep  slopes,  and 
droughty  soils  will  hamper  any  regeneration  attempts. 
The  PSME/CELE  should  provide  high  quality  seasonal 
big  game  habitat,  especially  for  deer. 

Other  studies.— PSME/CELE  was  first  described  from 
central  Idaho  (Steele  and  others  1981)  and  eastern  Idaho 
(Steele  and  others  1983).  It  also  occurs  sporadically 
throughout  the  Wasatch  and  Stansbury  Ranges  of 
northern  Utah  (Mauk  and  Henderson  1984). 


Pseudotsuga  menziesii/ Arctostaphylos  patula  h.t. 
(PSME/ARPA;  Douglas-Fir/Greenleaf  Manzanita) 
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Distribution.— The  PSME/ARPA  is  a  minor  h.t.  con- 
fined to  the  Paunsaugunt  and  southern  Fish  Lake 
Plateaus  and  the  Escalante  and  Boulder  Mountains.  It 
usually  occurs  on  steep,  undulating  middle  to  lower 
slopes  between  7,200  and  8,700  feet  (2  190  and  2  650  m). 
It  can  be  found  on  a  variety  of  aspects  but  most  typi- 
cally on  eastern  and  western  aspects  at  the  lower  range 
of  the  Pseudotsuga  menziesii  series.  As  such,  it 
represents  a  broad  ecotone  with  the  Pinus  ponderosa 
series  and  most  likely  the  PIPO/ARPA  or  PIPO/QUGA 
h.t.'s  and  the  cooler  PSME/SYOR,  PSME/QUGA,  or 
PSME/BERE  h.t.'s  or  Abies  concolor  series. 

Vegetation.— Both  Pseudotsuga  menziesii  and  Pinus 
ponderosa  dominate  the  overstory,  often  with  P. 
ponderosa  more  abundant.  Juniperus  scopulorum  is 
usually  present,  and  Pinus  flexilis  may  also  be  found.  A 
low,  dense  shrub  layer  consists  of  Arctostaphylos 
patula,  Berberis  repens,  Ceanothus  martinii,  and 
Symphoricarpos  oreophilus.  Forbs  and  graminoids  are 
usuedly  sparse. 

Soils.— Parent  materials  are  usually  sandstones  and 
limestones.  Surface  soil  horizons  usually  contain  gravels 
and  stones.  Surface  textures  are  loam  to  sandy  loam. 

Productivity/management.- Timber  potentials  are 
apparently  low,  resulting  from  low  site  index  for  both 
Pseudotsuga  menziesii  and  Pinus  ponderosa  and  from 
stocking  limitations.  Arceuthobium  douglasii  appears  to 
present  management  problems  within  this  type. 

Other  studies.— No  other  studies  have  described  the 
PSME/ARPA  h.t. 

Pseudotsuga  menziesii/Cercocarpus  montanus  h.t. 
(PSME/CEMO;  Douglas-Fir/Mountain-Mahogany) 


Distribution.— PSME/CEMO  is  a  minor  h.t.  occurring 
throughout  the  eastern  half  of  the  study  area  on  steep, 
rocky,  northern  aspects  at  midslope  positions.  Eleva- 
tions range  from  7,200  to  8,200  feet  (2  190  to  2  500  m) 
and  represent  the  lower  bounds  of  the  Pseudotsuga 
series.  Adjacent,  more  moist  sites  normally  belong  to 
PSME/BERE;  drier  sites  are  often  Juniperus  woodlands. 


Vegetation.— Open  stands  of  Pseudotsuga  menziesii 
dominate  sites,  often  with  Pinus  edulis,  Juniperus 
scopulorum.  and  Juniperus  osteosperma  scattered 
throughout.  A  low  canopy  of  shrubs,  including 
Cercocarpus,  Shepherdia  rotundifolia,  Berberis  repens, 
and  Symphoricarpos  oreophilus,  dominates  the  relatively 
open  undergrowth.  Carex  rossii  and  Oryzopsis 
hymenoides  are  often  present  in  trace  amounts.  Forb 
cover  is  inconsistent. 

Soils.— Most  sampled  sites  occur  on  sandstone.  There 
is  usually  a  high  amount  of  surface  rock.  Bare  soil  may 
exceed  50  percent,  apparently  more  than  all  other  types 
within  the  study  area.  In  contrast,  litter  accumulations 
may  be  the  lowest  for  all  types.  Surface  soil  textures  are 
coarse. 

Productivity/management.— Timber  potentials  are  very 
low.  Poor  stocking,  rocky  sites,  and  steep  slopes  limit 
management  opportunities.  This  type  probably  has  high 
value  for  big  game  habitat,  providing  key  browse  and 
seasonal  cover  requirements.  It  may  be  especially  impor- 
tant in  some  areas  for  spring  and  fall  range  for  mule 
deer  (Smith  and  Julander  1953). 

Other  studies.— Similar  plant  communities  have  been 
described  in  Colorado  (Terwilliger  and  others  1979).  This 
h.t.  has  not  been  previously  described. 

Pseudotsuga  menziesii/Quercus  gambelii  h.t. 
(PSME/QUGA;  Douglas-Fir/Gambel  Oak) 

Distribution.— PSME/QUGA  is  an  incidental  h.t. 
occurring  in  the  extreme  southern  portions  of  the  Abajo 
Mountains  and  the  Aquarius  Plateau.  It  also  extends 
into  Colorado  and  New  Mexico  (refer  to  "Other 
studies").  Sites  range  from  7.500  to  9,100  feet  (2  290  to 
2  770  m)  on  steep  slopes  having  northern  to  north- 
western aspects.  Adjacent  cooler  sites  may  belong  to  the 
PSME/BERE  h.t.  Warmer  sites  often  belong  to  the 
Pinus  ponderosa  series. 

Vegetation.— Anus  ponderosa  and  Pseudotsuga 
menziesii  dominate  serai  stands.  Trees  are  usually 
widely  spaced,  especially  in  more  mature  conditions. 
Juniperus  scopulorum  may  also  be  present  in  minor 
amounts.  The  undergrowth  is  dominated  by  shrubs, 
especially  Quercus  gambelii  and  Symphoricarpos 
oreophilus.  Quercus  may  also  assume  a  more  treelike 
appearance.  Arctostaphylos  patula.  Berberis  repens, 
Rosa  woodsii,  and  Ribes  cereum  may  also  occur,  usually 
in  minor  amounts.  Graminoids,  including  Carex  rossii, 
Poa  fendleriana,  Koeleria  nitida,  and  Sitanion  hystrix, 
have  high  constancy  but  low  average  cover.  Forbs  are 
usually  absent. 

Soils.— Parent  materials  consist  of  mixed  sandstones, 
basalts,  and  andesites.  Surface  textures  range  from 
sandy  loam  to  loam.  Subsurface  horizons  contain  gravels 
and  cobbles. 

Productivity/management.— Timber  potentials  are 
usually  low,  resulting  from  site  index  and  stocking  limi- 
tations. The  structured  characteristics— that  is,  vertical 
diversity  of  shrubs— may  be  important  for  many  avian 
wildlife  species.  Quercus  mast  and  browse  are  also 
important  for  many  game  species. 

Other  studies.— Similar  conditions  have  been  described 
from  western  Colorado  (Boyce  1977)  and  south-central 
Colorado  (TerwiUiger  and  others  1979).  The 
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PSME/QUGA  h.t.,  with  phasal  distinctions  of  Festuca 
arizonica,  has  also  been  described  from  northern  New 
Mexico  and  southern  Colorado  (DeVeHce  and  others  in 
press). 

Pseudotsuga  menziesii/Berberis  repens  h.t. 
(PSME/BERE;  Douglas-Fir/Oregon  Grape) 


O  -   PIPO     Phase 
•  -  BERE     Phase 

Distribution.-The  PSME/BERE  h.t.  is  a  major  type 
within  the  Pseudotsuga  menziesii  series.  It  occurs 
sporadically  across  the  Markagunt,  Paunsaugunt, 
Aquarius,  and  Fish  Lake  Plateaus  and  the  LaSal 
Mountains  and  extends  northward  throughout  the  east- 
ern side  of  the  Wasatch  Plateau  into  the  Tavaputs 
Plateau  and  northern  Utah.  Sites  range  from  7.800  to 
9,700  feet  (2  380  to  2  960  m),  and  average  9,260  feet 
(2  820  m)  on  southwest  aspects,  8,800  feet  (2  680  m)  on 
northeast  aspects,  and  8,000  feet  (2  440  m)  on  north 
aspects.  Occurrence  on  southern  and  southeastern 
aspects  is  relatively  uncommon.  Slopes  are  usually  steep 
and  straight.  This  type  generally  represents  middle  to 
upper  elevations  within  the  Pseudotsuga  menziesii  series 
and  may  be  surrounded  by  cooler,  more  moist  h.t.'s 
within  the  Abies  lasiocarpa  or  Abies  concolor  series,  or 
warmer  sites  belonging  to  the  PSME/CELE  or 
PSME/QUGA  h.t.'s  or  the  Pinus  flexilis-Pinus  longaeva 
series. 

Vegetation.— Pseudotsuga  menziesii  is  the  dominant 
tree.  Juniperus  scopulorum  and  Populus  tremuloides 
may  be  present  as  serai  species.  The  normally  depauper- 
ate undergrowth  is  characterized  by  a  moderate  cover  of 
low  shrubs  consisting  of  Berberis  repens, 
Symphoricarpos  oreophilus,  and  sometimes  Pachistima 
myrsinites.  Other  features  vary  with  the  phases  noted 
below. 


Pinus  ponderosa  (PIPO)  phase:  This  phase  is  more 
common  on  steep  middle  to  lower  slopes,  usually  about 
600  feet  (180  m)  below  adjacent  BERE  phase  sites.  It  is 
restricted  to  the  southern  portion  of  the  range  of  the 
h.t.,  apparently  not  extending  north  into  the  Wasatch 
Plateau  or  east  into  the  LaSal  Mountains.  Pinus 
ponderosa  is  a  long-lived  serai  dominant  within  this 
phase.  Juniperus  communis  and  Amelanchier  alnifolia 
are  usually  present  in  small  amounts.  The  herbaceous 
stratum  is  noticeably  absent,  with  only  Carex  rossii  and 
Sitanion  hystrix  usually  present  in  trace  amounts. 

Berberis  repens  (BERE)  phase:  The  BERE  phase  is 
the  more  common  phase  throughout  the  study  area, 
except  for  the  extreme  southern  plateaus.  Picea  pungens 
may  be  found  as  accidentals,  and  Pinus  flexilis  may 
occur  as  a  sered  component.  In  contrast  to  the  PIPO 
phase,  Sitanion  hystrix  is  more  uncommon.  The  herba- 
ceous stratum  is  only  slightly  more  developed,  consist- 
ing of  small  amounts  of  Stipa  lettermannii,  Thalictrum 
fendleri,  Osmorhiza  chilensis,  and  Lathyrus  species. 

Soils.— Soil  parent  materials  are  mainly  Cretaceous 
and  Tertiary  sandstones  in  the  BERE  phase,  while  the 
PIPO  phase  occurs  on  a  wide  mixture  of  types,  including 
sandstone  and  limestones,  basalts,  and  andesites  (appen- 
dix F).  The  PIPO  phase  apparently  represents  more 
severe  environmental  conditions,  with  about  11  percent 
surface  rock  exposed  and  6  percent  bare  soil,  and  surface 
textures  ranging  from  loam  to  silt  loam.  Most  sample 
sites  had  significant  amounts  of  gravel  and  stones  in  the 
subsurface.  Sites  belonging  to  the  BERE  phase  usually 
have  only  about  7  percent  surface  rock  exposed,  similar 
amounts  of  bare  soil,  and  surface  textures  from  loam  to 
clay  loam.  There  is  also  a  slight  increase  in  litter 
accumulation,  averaging  about  1.3  inches  (3.2  cm). 

Productivity/management.— Timber  potentials  are 
generally  low  (appendixes  D  and  E).  Pseudotsuga 
menziesii  may  respond  favorably  to  small  clearcuts  that 
provide  protection  from  wind  and  insolation.  Light 
shelterwood  systems  may  also  be  appropriate,  especially 
in  the  BERE  phase.  Pinus  ponderosa  presents  limited 
opportunities  for  uneven-aged  management  within  the 
PIPO  phase.  Many  of  the  sampled  stands  within  this 
h.t.  were  infected  with  Arceuthobium  douglasii,  which 
will  influence  management  alternatives.  Deer  apparently 
make  heavy  use  of  this  h.t.,  especially  when  natural 
openings  that  provide  forage  are  nearby.  Domestic  live- 
stock will  usually  find  little  forage  within  this  type. 

Other  studies.— PSME/BERE  is  a  widespread  type 
with  different  phases  in  the  northern  Rockies,  with 
previous  descriptions  from  central  Idaho  (Steele  and 
others  1981)  and  eastern  Idaho  and  western  Wyoming 
(Steele  and  others  1983).  It  also  extends  into  northern 
Utah  (Mauk  and  Henderson  1984).  This  treatment  of  our 
study  area  combines  the  SYOR  and  BERE  phases  of 
northern  Utah  and  presents  the  PIPO  phase  as  a  new 
subdivision. 
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Pseudotsuga  menziesii/Symphoricarpos  oreophilus 
h.t.  (PSME/SYOR;  Douglas-Fir/Mountain  Snowberry) 


Distribution.— PSME/SYOR  is  a  major  h.t.  in  southern 
Utah  that  occurs  mainly  on  the  southern  Fish  Lake  and 
Aquarius  Plateaus  and  the  Boulder  Mountains.  A  some- 
what disjunct  distribution  also  occurs  sporadically  along 
the  northeastern  portion  of  the  Wasatch  Plateau  and  the 
Tavaputs  Plateau.  The  type  is  most  commonly  found  on 
straight  and  steep  northern  slopes  between  8,000  and 
9,300  feet  (2  440  and  2  830  m).  It  represents  middle  to 
upper  elevations  for  the  Pseudotsuga  menziesii  series. 
Warmer  and  drier  adjacent  sites  may  belong  to 
PSME/BERE-PIPO  or  PIPO/SYOR.  Benches  with  cold 
air  accumulation  may  belong  to  PIPO/PUTR  or 
PIPU/JUCO.  More  moist  conditions  usually  will  support 
Abies  lasiocarpa. 

Vegetation.— Open  stands  of  Pseudotsuga  menziesii 
dominate  the  site.  Pinus  ponderosa  and  Populus 
tremuloides  may  be  present  as  important  serai  compo- 
nents. Juniperus  scopulorum  is  also  usually  present, 
either  as  a  serai  or  minor  climax  associate.  A  light  shrub 
canopy  of  Symphoricarpos,  with  trace  amounts  of 
Berberis  repens,  Rosa  woodsii,  and  Ribes  cereum,  domi- 
nate the  undergrowth  (fig.  15).  The  normally  depauperate 
herbaceous  stratum  may  contain  trace  amounts  of  Carex 
rossii,  Poa  fendleriana,  Sitanion  hystrix,  and  Hymenoxys 
richardsonii. 


Figure  15.— Pseudotsuga  menziesii/Symphoricarpos  oreoptiiius  h.t.  on  a  steep 
northwest  slope  (8,850  feet,  2  700  nn)  near  Wildcat  Pasture  in  the  Boulder 
Mountains.  Pinus  ponderosa  creates  an  open  canopy  in  the  overstory; 
Pseudotsuga  menziesii  is  scattered  throughout  the  understory.  The  under- 
growth consists  of  Symphoricarpos  oreophilus,  Poa  fendleriana,  and  Lupinus 
argenteus. 
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Soils.-Parent  materials  for  the  PSME/SYOR  h.t. 
appear  to  be  predominantly  basaltic,  although  a  few 
sites  in  the  Tavaputs  Plateau  occurred  on  Tertiary  and 
Cretaceous  sandstone  (appendix  F).  Deposition  is  usually 
colluvial.  Surface  rock  exposed  averages  10  percent,  and 
most  sites  have  bare  soil,  averaging  11  percent.  Litter 
accumulations  are  highly  variable,  ranging  from  none  to 
3.9  inches  (10  cm),  and  averaging  1.3  inches  (3.4  cm).  Soil 
textures  range  from  sandy  loam  to  clay  loam 
(appendix  G). 

Productivity/management.— Timber  potentials  are  low 
(appendix  D).  Low  site  indexes  for  Pseudotsuga 
menziesii  and  Pinus  ponderosa,  and  stocking  limitations, 
reduce  potential  yields.  Most  stands  have  had  repeated 
moderate  to  heavy  ground  fires,  and  P.  memiesii  has 
regenerated  under  the  natural  shelterwood  conditions. 
Arceuthobium  douglasii  is  present  in  many  stands.  Big 
game,  especially  deer,  may  make  seasonal  use  of  these 
sites. 

Other  studies.-The  PSME/SYOR  h.t.  is  a  major  type 
throughout  the  northern  and  middle  Rocky  Mountains. 
Its  presence  has  been  noted  for  Montana  (Pfister  and 
others  1977),  central  Idaho  (Steele  and  others  1981), 
eastern  Idaho  and  western  Wyoming  (Steele  and  others 
1983),  and  northern  Utah  (Mauk  and  Henderson  1984). 
Somewhat  similar  conditions  exist  in  Colorado 
(Komarkova  1982;  Hess  and  Wasser  1982). 

Pinus  ponderosa  Series 

Distribution.— The  Pinus  ponderosa  series  is  a  major 
group  of  h.t.'s  found  throughout  southern  Utah.  Scat- 
tered sites  on  the  Tavaputs  Plateau  also  belong  to  this 
series.  It  occupies  warm  and  dry  exposures  through  an 
elevational  belt  ranging  from  about  6,800  to  9,000  feet 
(2  070  to  2  740  m).  Slopes  are  generally  gentle  to  moder- 
ately steep;  only  PIPO/ARNO  and  sometimes 
PIPO/PUTR  tend  to  occur  in  flat  benches.  The  series 
usually  represents  the  lowest  coniferous  forests  in  the 
area  and  borders  unclassified  communities  such  as 
Juniperus  scopulorum  woodlands  or  Cercocarpus 
ledifolius,  Arctostaphylos  patula,  Artemisia,  or  Quercus 
gambelii  shrubfields.  These  often  resemble  the  under- 
growth of  the  adjacent  forested  communities.  The  upper 
boundary  or  cooler,  more  moist  sites,  are  recognized  by 
the  presence  of  more  tolerant  species  of  conifers  such  as 
Abies  concolor  or  Pseudotsuga  menziesii.  Again,  changes 
in  the  undergrowth  may  not  coincide  with  the  climax 
overstory,  and  the  ecotone  between  PIPO/ARPA, 
PIPO/QUGA,  PIPO/CELE,  and  PIPO/SYOR  and  their 
counterparts  in  the  Pseudotsuga  menziesii  or  Abies  con- 
color  series  may  be  relatively  broad  and  indefinite.  When 
the  series  abuts  lower  elevation  sites  within  the  Picea 
pungens  series,  the  demarcation  is  usually  more  abrupt. 

Vegetation.— The  structure  of  mature  stands  varies 
from  rather  open  in  PIPO/MUMO,  PIPO/ARNO,  and 
PIPO/ARPA  to  locally  dense  in  the  PIPO/QUGA  and 
PIPO/SYOR.  All  of  our  h.t.'s  represent  sites  potentially 
capable  of  supporting  at  least  25  percent  canopy  cover 
of  trees,  thus  constituting  open  forests  rather  than  true 
savanna  as  used  by  other  researchers  (Pfister  and  others 
1977;  Mauk  and  Henderson  1984).  Although  Pinus 


ponderosa  is  normally  the  only  conifer,  stands  may 
sometimes  contain  significant  amounts  of  Juniperus 
scopulorum,  Juniperus  osteosperma,  or  Pinus  edulis. 
Populus  tremuloides,  so  important  in  other  series,  is 
poorly  represented  here,  occurring  in  only  smgill  amounts 
within  the  PIPO/QUGA  and  PIPO/SYOR  h.t.'s.  Mature 
stands  range  in  age  from  about  100  years  for 
PIPO/CELE  to  200  years  for  PIPO/MUMO  and 
PIPO/QUGA.  . 

The  undergrowth  is  conspicuously  shrubby.  Only  I 

PIPO/MUMO  lacks  a  diagnostic  woody  stratum  and 
resembles  the  open  grassy  undergrowth  so  characteristic 
of  P.  ponderosa  stands  in  Arizona  and  New  Mexico. 

Soils/climate.— Soils  are  usually  derived  from  igneous 
parent  material,  including  basalt,  basaltic  and  andesitic 
flows,  intrusive  granitoids  and  porphyrites,  and  tuffs 
(appendix  F).  Only  PIPO/ARPA  and  PIPO/QUGA  occur 
more  commonly  on  nonigneous  substrates  such  as  lime- 
stone, dolomites,  and  vEU-ious  sandstones.  Surface  tex- 
tures are  highly  variable  and  range  from  sand  in 
PIPO/ARPA  to  predominantly  loam  in  PIPO/ARNO  and 
loam  and  silt  loam  in  PIPO/MUMO  (appendix  G).  All 
types  contain  some  bare  soil  and  exposed  rock,  with  rela- 
tively extreme  amounts  in  PIPO/ARPA.  Litter  accumu- 
lations are  fairly  consistent  between  types,  only  ranging 
from  1.1  inches  (2.8  cm)  in  PIPO/ARPA  to  1.9  inches 
(4.9  cm)  in  PIPO/QUGA. 

Climatic  data  for  the  series  are  best  represented  by 
the  Bryce  Canyon  National  Park  Headquarters, 
Monticello,  and  Orange  Olsen  reporting  stations  (appen- 
dix H).  The  Bryce  Canyon  and  Orange  Olsen  stations  are 
at  the  upper  extent  of  the  series,  while  Monticello  is  at 
the  lower  extreme.  In  general,  this  series  receives  signifi- 
cant precipitation  during  the  warm  growing  season, 
especially  during  August  and  early  September.  Mean 
annual  temperatures  appear  to  be  above  40.1  °F  (4.5  °C), 
and  mean  annual  precipitation  is  less  than  15.6  inches 
(390  mm). 

Productivity/management.- The  Pinus  ponderosa 
series  presents  unusual  management  opportunities  and 
problems  for  the  resource  specialist.  Timber  values  range 
from  very  low  to  low  and  appear  best  in  the 
PIPO/SYOR  and  PIPO/QUGA  h.t.'s  (appendixes  D  and 
E).  Almost  all  sites  have  limitations  of  some  degree  as  a 
result  of  poor  stocking,  unfavorable  soil  moisture  condi- 
tions, or  competition  from  undergrowth  vegetation.  As  a 
general  guideline,  group  selection  or  shelterwood  sys- 
tems should  provide  the  best  chance  for  successful 
regeneration.  Some  sites,  especially  in  the  PIPO/MUMO, 
PIPO/QUGA-SYOR,  PIPO/ARPA,  and  maybe 
PIPO/ARNO  h.t.'s,  may  support  Pinus  ponderosa 
severely  damaged  from  the  dwarf  mistletoe  Arceuthobium 
vaginatum  ssp.  cryptopodum.  Work  in  southwestern 
Colorado  (Merrill  1983)  has  shown  a  positive  relationship 
between  severity  of  dwarf  mistletoe  infection  and 
environmental  factors  such  as  slope,  elevation,  and 
topography,  as  expressed  by  different  h.t.'s.  Arceuthobium, 
vaginatum  occurred  more  often  and  more  severely  on  the 
driest  sites  where  temperatures  and  insolation  were  the 
greatest.  Heidmann  (1983)  presents  recommendations  for 
silvicultural  prescriptions  appropriate  to  mature  stands 
of  P.  ponderosa  heavily  infected  with  dwarf  mistletoe, 


48 


but  these  appear  feasible  only  in  sites  with  the  highest 
timber  potentials.  Throughout  the  series,  mountain  pine 
beetle  (Dendroctonus  ponderosae)  may  also  infest  stands 
and  influence  timber  management. 

Fire  has  played  an  important  part  in  stand  develop- 
ment for  most  of  the  h.t.'s  in  this  series.  The  exception 
might  be  sites  within  the  PIPO/ARNO  or  PIPO/PUTR 
h.t.'s,  where  discontinuous  ground  fuels  may  prevent  the 
normal  surface  fires.  Fire  histories  of  the  area  are  scarce 
and  difficult  to  categorize  by  h.t.  Research  in  Zion 
National  Park  may  be  applicable  to  the  PIPO/ARPA 
and  PIPO/QUGA  h.t.'s  and  suggests  a  normal  time 
interval  between  4  and  7  years  prior  to  1882  (Madany 
1981;  Madany  and  West  1980,  1983).  After  this  date, 
livestock  grazing  may  have  reduced  fine  fuels,  allowing 
shrub  densities  to  increase  with  a  resulting  increase  in 
the  fire  interval.  This  apparently  occurred  before  fire 
prevention  programs  became  effective.  Field  data  from 
the  isolated  areas  receiving  no  livestock  grazing  still 
indicate  sufficient  canopy  coverage  of  shrubs  to  easily 
determine  the  h.t.  and  help  indicate  the  potential  condi- 
tions for  mature  stands.  Crane  (1982),  based  on  work 
from  Colorado,  gives  more  detailed  descriptions  of  fire 
effects  for  vegetation  and  hypothesized  successional 
trends  following  fire  that  appear  reasonable  for  our 
PIPO/QUGA,  PIPO/MUMO,  and  PIPO/PUTR  h.t.'s. 
Short-term  responses  of  birds  and  mammals  to 
prescribed  burning  in  P.  ponderosa  have  been  reported 
by  Bock  and  Bock  (1983). 

Livestock  grazing  is  an  important  management  con- 
cern for  many  of  the  h.t.'s  within  this  series.  Almost  all 
sites  show  evidence  of  past  grazing  disturbance  to  some 
degree,  and  ecological  and  successional  relationships  are 
often  unclear.  Many  mature,  uneven-aged  stands  of  P. 
ponderosa  contain  relatively  high  coverages  of  distur- 
bance species  such  as  Sitanion  hystrix,  which  may  have 
increased  when  other  more  palatable  species  were  con- 
sumed. Also  present  in  many  h.t.'s  is  the  perennial 
composite  Hymenoxys  richardsonii,  which  may  be  toxic 
to  sheep  and  cattle  (Hermann  1966).  In  general,  our 
series  lacks  the  grassy  undergrowth  that  constitutes 
high  quEility  range. 

Wildlife  habitat  values  within  the  series  are  highly 
variable  and  are  best  discussed  by  h.t.  Structural  charac- 
teristics may  be  important  for  a  variety  of  small  mammal 
and  avian  species,  while  big  game  usually  find  abundant 
browse,  especially  in  the  PIPO/CELE,  PIPO/ARPA, 
PIPO/QUGA,  and  sometimes  PIPO/PUTR  h.t.'s. 

Other  studies.— The  Pinus  ponderosa  series  is  exten- 
sive throughout  the  Rocky  Mountains.  Relationship  to 
other  areas  is  discussed  by  h.t.  but  generally  is  highest 
with  adjacent  portions  of  Colorado.  Several  types  have 
somewhat  disjunct  distributions,  with  extensions  in  cen- 
tral Idaho  and  south-central  Oregon. 


Pinus  ponderosa/Cercocarpus  ledifolius  h.t. 
PIPO/CELE;  Ponderosa  Pine/Curlleaf 
Mountain-Mahogany) 

Distribution.— PIPO/CELE  is  a  minor  h.t.  within  the 
study  area  and  occurs  on  the  Tavaputs  Plateau  in  the 
north  and  in  the  Markagunt  and  Sevier  Plateaus  and 
Pine  Valley  Mountains  in  the  south.  It  can  be  found  on 
all  aspects  and  ranges  from  6,800  to  8,100  feet  (2  070  to 
2  470  m)  in  elevation  on  gentle  to  moderately  steep  lower 
slopes  and  benches.  It  usually  represents  the  lowest  ele- 
vation sites  within  the  Pinus  ponderosa  series  and  may 
be  adjacent  to  Juniperus  woodlands.  Cooler  sites  may 
belong  to  PIPO/QUGA,  PSME/CELE,  or  ABCO/CELE, 
although  these  are  often  found  on  different  geological 
substrates. 

Vegetation.— AViKs  ponderosa  creates  an  open  canopy, 
usually  accompanied  by  Juniperus  scopulorum  and  some- 
times Pinus  edulis.  Abies  concolor  and  Pseudotsuga 
menziesii  may  appear  as  accidentals.  The  dense  under- 
growth is  conspicuously  shrubby  and  consists  of 
Cercocarpus  ledifolius,  Juniperus  osteosperma,  Quercus 
gambelii,  Chrysothamnus  viscidiflorus,  Artemisia 
tridentata,  and  Symphoricarpos  oreophilus.  Forbs  and 
graminoids  are  noticeably  absent,  with  only  Sitanion 
hystrix  and  Eriogonum  racemosa  having  fairly  high  con- 
stancy. Sites  on  the  Tavaputs  Plateau  may  contain  mod- 
est cover  of  Elymus  salina,  while  those  in  southwestern 
Utah  appear  to  support  Stipa  comata. 

Soils.— PIPO/CELE  on  the  Tavaputs  Plateau  occurs 
on  Tertiary  sandstone,  while  sites  in  the  southwestern 
portion  of  the  study  area  are  on  andesite.  Regolith  is 
either  residual  or  colluvium.  Sites  have  relatively  low 
amounts  of  bare  soil  and  exposed  surface  rock,  and  litter 
accumulations  average  1.5  inches  (3.9  cm).  Surface  tex- 
tures are  mostly  loam  and  sandy  loam.  Most  sites  have 
gravelly  coarse  fragments. 

Productivity /management.— Timber  potentials  appear 
to  be  very  low.  Individual  trees  may  have  widely  vary- 
ing site  indexes,  but  stocking  limitations  wiU  greatly 
reduce  yields.  Competition  from  shrubs  may  severely 
limit  regeneration  efforts.  Most  sites  contain  evidence  of 
grazing  by  domestic  livestock,  although  only  limited  for- 
age is  available.  This  h.t.  should  be  key  seasongd  habitat 
for  deer  because  of  available  browse  and  low  elevation. 

Other  studies.— Outside  our  study  area,  several  work- 
ers have  described  plant  communities  dominated  by 
Pinus  ponderosa  and  Cercocarpus  ledifolius  in  south- 
central  Oregon  on  dry  residual  soils  (Franklin  and 
Dyrness  1973).  These  communities  also  contained 
Festuca  idahoensis,  indicating  slightly  cooler  and  more 
moist  conditions  than  in  our  study  area.  No  other  work- 
ers have  described  the  PIPO/CELE  h.t. 
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Pinus  ponderosa/Arctostaphylos  patula  h.t. 
(PIPO/ARPA;  Ponderosa  Pine/Greenleaf 
Manzanita) 


Distribution.— PIPO/ARPA,  a  major  h.t.  with  the 
Pinus  ponderosa  series,  occurs  in  large  acreages  within 
the  southern  portion  of  the  study  area.  It  can  also  be 
found  in  the  LaSal  and  Abajo  Mountains  to  the  east.  It 
represents  warm  and  dry  conditions  on  gentle  to  moder- 
ate middle  to  lower  slopes,  benches,  and  ridges  between 
7,500  and  8,500  feet  (2  290  and  2  590  m).  Southwest 
aspects  are  most  common,  although  a  variety  are 
represented.  Cooler,  more  moist  adjacent  sites  may 
belong  to  PIPO/QUGA,  PIPO/PUTR,  or  PSME/ARPA 
h.t.'s.  Warmer  sites  are  often  Juniperus  woodlands. 

Vegetation.— Usually  Pinus  ponderosa  and  small 
amounts  of  Juniperus  scopulorum  are  the  only  trees 
present  in  relatively  open  stands.  Pinus  flexilis  and 
Pseudotsuga  menziesii  may  occur  as  accidentals;  suc- 
cessful reproduction  by  these  species  will  indicate  the 
PSME/ARPA  h.t.  The  open  undergrowth  is  conspicu- 
ously shrubby  and  consists  of  Arceuthobium  patula, 
Quercus  gambelii,  Berberis  repens,  Ceanothus  martinii, 
Purshia  tridentata,  and  Tetradymia  canescens.  The 
herbaceous  stratum  is  depauperate,  with  only  small 
amounts  of  Carex  rossii,  Oryzopsis  hymenoides,  and 
Eriogonum  racemosa  occurring  in  about  half  the  sites. 

Soils.— Parent  materials  for  PIPO/ARPA  are  diverse 
and  include  limestones,  sandstones,  and  a  few  sites  on 
basalt  and  andesite  (appendix  F).  Most  soils  are  in  collu- 
vium,  although  a  few  also  occur  in  alluvial  material. 
Bare  soil  is  the  highest  for  the  series  and  averages  13 
percent.  Most  sites  have  gravelly  subsurfaces  with  minor 
amounts  of  surface  rock  exposed.  Surface  textures  range 
from  sand  to  silt  loam,  with  loam  the  most  common 
(appendix  G).  Litter  accumulation  averages  1.1  inches 
(2.8  cm). 


Productivity /management.— Timber  potentials  are 
generally  very  low  (appendixes  D  and  E).  Stocking  limi- 
tations and  seedling  competition  may  limit  yields.  Gentle 
terrain  and  the  relative  ease  of  harvesting  may  make 
these  sites  desirable  for  timber  management,  but  suc- 
cessful regeneration  efforts  are  sometimes  questionable. 
Arctostaphylos  patula  may  increase  with  disturbance, 
especially  fire,  although  it  shows  greatly  reduced  sucker- 
ing  and  seedling  establishment  following  fire  in  southern 
Utah  as  compared  with  areas  in  California  (Madany 
1981).  All  sample  sites  in  our  study  area  contain  evi- 
dence of  deer  use.  Domestic  livestock  will  find  only 
limited  forage  on  these  sites. 

Other  studies.— Communities  dominated  by  Pinus 
ponderosa  and  Arctostaphylos  patula  have  been  noted 
for  south-central  Oregon  (Franklin  and  Dyrness  1973), 
but  they  contain  significant  amounts  oi  Abies  concolor 
and  Festuca  idahoensis,  indicating  different  conditions. 
Arctostaphylos  patula  is  a  diagnostic  component  of  a 
phase  of  the  Pinus  ponderosa/Festuca  idahoensis  h.t.  in 
the  Uinta  Mountains  (Mauk  and  Henderson  1984);  this 
phase  resembles  our  h.t.  in  physical  site  characteristics. 
In  addition  to  the  prominence  of  Festuca,  it  differs  in 
having  Pinus  contorta  and  Populus  tremuloides  as  prin- 
cipal serai  associates.  No  other  studies  have  identified 
the  PIPO/ARPA  h.t. 

Pinus  ponderosa/ Artemisia  nova  h.t. 
(PIPO/ARNO;  Ponderosa  Pine/Black  Sagebrush) 
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Distribution.— PIPO/ARNO  is  a  major  h.t.  within  the 
Pinus  ponderosa  series.  It  represents  the  lower  timber- 
line  zone  along  the  Boulder  and  Escalante  Mountains 
but  is  also  Hkely  to  occur  on  the  Sevier  and  Paunsaugunt 
Plateaus.  It  typically  is  found  on  gentle  lower  slopes  or 
benches  with  a  variety  of  aspects  and  ranges  from  8,000 
to  9,000  feet  (2  440  to  2  740  m)  in  elevation.  Nonforest 
communities  adjacent  are  usually  graminoid  wet 
meadows  or  Artemisia  steppe.  Upland  sites  on  steeper 
slopes  often  belong  to  PIPO/ARPA. 

Vegetation.— The  open,  savannalike  overstory  contains 
predominantly  Pinus  ponderosa  (fig.  16),  although 
Juniperus  scopulorum  is  usuEilly  also  present.  Pinus 
flexilis  and  Pseudotsuga  menziesii  are  accidentals.  The 
undergrowth  is  characterized  by  a  low  and  often  open 
shrub  canopy  consisting  of  Artemisia  nova  or  Artemisia 
arbuscula  with  Chrysothamnus  viscidiflorus  and 
Tetradymia  canescens  as  common  associates.  Taxonomy 
of  low  Artemisia  apparently  is  not  distinct  within  this 
type,  with  collected  specimens  often  sharing  attributes 
belonging  to  either  A.  nova  or  A.  arbuscula.  Florescence 
of  ethanol-saturated  leaf  material  in  longwave  ultraviolet 
light  indicates  closer  affinities  with  Artemisia  nova 
(Alma  Winward,  USDA  Forest  Service,  Intermountain 
Region,  pers.  comm.).  Coverage  of  graminoids  and  forbs 


is  usually  negligible,  although  this  may  be  the  result  of 
often  severe  domestic  livestock  grazing  pressure. 
Undisturbed  sites  should  support  a  light,  scattered  mix- 
ture of  Bouteloua  gracilis,  Koeleria  nitida,  Poa  fendleriana, 
and  Eriogonum  racemosa.  Disturbed  sites  often  have 
Hymenoxys  richardsonii  and  Sitanion  hystrix  more 
conspicuous. 

Soils.— PIPO/ARNO  is  found  on  colluvium  and  some- 
times alluvium  derived  from  basalt  (appendix  F).  A  few 
sites  are  on  sandstone.  There  are  usually  small  amounts 
of  exposed  rock  and  bare  soil,  and  litter  accumulations 
average  1.3  inches  (3.2  cm).  Most  soils  contain  gravel  in 
the  subsurface  horizons,  and  surface  textures  are 
predominantly  loam  and  silt  loam  (appendix  G).  Sites 
potentially  have  seasonal  high  water  tables  and  even 
ponding.  They  also  have  shallow  rooting  depths  due  to 
some  restrictive  subsurface  horizon. 

Productivity /management.— Timber  potentials  are 
generally  very  low  and  are  the  lowest  for  the  series 
(appendix  D).  These  sites  have  excessive  stocking  limita- 
tions, and  trees  regenerate  only  occasionally.  Domestic 
livestock  may  find  limited  forage  on  these  sites  but  may 
congregate  here  for  shade  if  water  and  forage  is  nearby. 

Other  studies.— Similar  sites  have  been  found  in  the 
San  Juan  Mountains  of  New  Mexico  (DeVelice  and 
others  in  press). 
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Figure  16.— Pinus  ponderosa/Artemisia  nova  h.t.  on  a  northwest  bench  east  of 
Widtsoe,  UT  (8,050  feet,  2  450  nn).  Scattered  Artemisia  nova  and  Elymus  salina 
constitute  the  undergrowth. 
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Pinus  ponderosa/Purshia  tridentata  h.t. 
(PIPO/PUTR;  Ponderosa  Pine/Bitterbrush) 


Distribution.— PIPO/PUTR  is  a  major  h.t.  within  the 
southern  portion  of  the  study  area  and  was  observed 
from  the  Markagunt  Plateau  east  to  the  LaSal  and 
Abajo  Mountains.  It  also  extends  into  Colorado  (refer  to 
"Other  studies").  It  occupies  gentle  to  moderate  mid- 
slopes  and  benches  between  7,100  and  9,000  feet  (2  160 
and  2  740  m)  on  a  variety  of  aspects  but  is  more  com- 
mon above  8,000  feet  (2  440  m)  on  southeastern  to  south- 
western slopes.  It  represents  middle  to  upper  elevation 
sites  within  the  Pinus  ponderosa  series  and  may  often  be 
found  above  the  warmer  PIPO/QUGA  or  PIPO/ARPA 
h.t.'s.  Cooler,  more  moist  sites  are  often  within  the 
ABCO/BERE,  PSME/BERE,  PSME/SYOR, 
PIPU/JUCO,  or  Abies  lasiocarpa  series  of  h.t.'s.  To  a 
limited  degree,  PIPO/PUTR  may  indicate  areas  where 
cooler  air  accumulates. 

Vegetation.— Pmus  ponderosa  is  the  dominant  conifer, 
although  Juniperus  scopulorum  and  Pinus  edulis  may 
occasionally  be  present.  Pinus  flexilis  and  Pseudotsuga 
menziesii  can  be  found  as  accidentals  but  usually  repre- 
sent ecotones  with  adjacent  types.  Quercus  gambelii  will 
sometimes  be  a  codominant  with  Purshia  tridentata  in  a 
light  and  broken  shrub  stratum.  Other  common  shrubs 
include  Artemisia  tridentata  (probably  ssp.  vaseyana). 


Berberis  repens,  and  Symphoricarpos  oreophilus.  The 
herbaceous  stratum  is  also  light  and  diverse  and 
includes  small  amounts  of  Agropyron  spicatum,  Carex 
rossii,  Muhlenbergia  montana,  Poa  fendleriana,  Stipa 
comata,  Eriogonum  racemosa,  and  Hymenoxys 
richardsonii.  Density  and  cover  of  Purshia  and  Artemisia 
within  this  type  may  be  closely  tied  to  recent  distur- 
bances and  overstory  canopy  closures.  Sites  with 
Purshia  present  only  in  full  sunlight  may  represent  serai 
conditions  of  other  h.t.'s  such  as  PIPO/ARPA, 
PIPO/QUGA,  or  other  series  (Harper  and  Buchanan 
1983). 

Soils.— PIPO/PUTR  usually  occurs  in  coUuvium  or 
residual  material  derived  from  basalt  or  sometimes  in 
Jurassic  sandstone  in  the  LaSal  and  Abajo  Mountains 
(appendix  F).  Many  of  the  sites  in  the  Boulder 
Mountains  have  10  to  35  percent  of  the  surface  in  bare 
rock.  Amounts  of  bare  soil  are  relatively  low,  with  litter 
accumulations  averaging  1.3  inches  (3.2  cm).  Most  sites 
have  some  coarse  fragments  in  the  subsurface  horizons 
including  gravels,  stones,  and  cobbles.  Surface  textures 
range  from  sandy  loam  to  silt  loam  (appendix  G). 

Productivity /management.— Timber  potentials  for  the 
PIPO/PUTR  h.t.  are  generally  very  low  (appendix  D). 
Pinus  ponderosa  can  be  featured  by  even-aged  manage- 
ment and  by  small  clearcut  and  sm2ill  group  selection 
systems.  Stocking  reductions  may  be  necessary  for  areas 
in  the  Boulder  Mountains  because  of  rockiness.  Most 
sample  sites  contained  little  or  no  evidence  of  past  natu- 
ral fires,  although  fire  is  certainly  an  important  factor  in 
Pinus  ponderosa  and  Purshia  tridentata  ecology  (Crane 
1982;  Lotan  and  others  1981;  Weaver  1968;  Martin  and 
Driver  1983).  Although  most  sites  show  evidence  of  past 
grazing,  domestic  livestock  will  find  little  forage  here. 
Wildlife,  especially  deer,  may  seek  these  sites  during  the 
summer  for  available  browse. 

Other  studies. -PIPO/PUTR  h.t.,  a  major  type  in  the 
Western  United  States,  has  been  described  from  eastern 
Washington  and  Oregon  and  northern  Idaho  (Franklin 
and  Dyrness  1973;  Hall  1973;  Daubenmire  and 
Daubenmire  1968).  PIPO/PUTR  in  southern  Utah  is 
similar  to  the  PIPO/PUTR,  Agropyron  spicatum  phase 
described  for  Montana  (Pfister  and  others  1977)  and  cen- 
tral Idaho  (Steele  and  others  1981).  The  difference  is 
that  our  sites  are  generally  less  productive,  especially 
the  herbaceous  stratum.  In  Colorado,  Hess  (1981)  found 
the  PIPO/PUTR  h.t.  on  the  northern  portion  of  the 
Roosevelt  National  Forest. 
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Pinus  ponderosa/Quercus  gambelii  h.t. 
(PIPO/QUGA;  Ponderosa  Pine/  Gambel  Oak) 


O  -  SYOR     Phase 
•  -  QUGA     Phase 


Distribution.— PIPO/QUGA  is  a  major  h.t.  within  the 
Pinus  ponderosa  series  and  accounts  for  large  areas 
within  southeastern  Utah.  It  also  extends  into  Colorado 
and  New  Mexico  (refer  to  "Other  studies").  It  occurs  on 
gentle  lower  to  midelevation  slopes  and  benches  through- 
out eastern  portions  of  the  Abajo  and  LaSal  Mountains 
and  lower  slopes  of  the  Aquarius  Plateau.  Sites  range 
from  7,300  to  8,800  feet  (2  230  to  2  680  m)  in  elevation 
and  occur  on  all  aspects,  with  slight  differences  as  noted 
by  phases  below.  In  general,  PIPO/QUGA  represents  the 
lowest  elevation  forested  site  where  it  occurs.  It  may 
gradually  intergrade  with  Quercus  woodland  or,  with 
breaks  in  topography,  it  may  exist  immediately  above 
sandstone  cliffs  and  talus.  Drier  southwest  slopes  and 
ridges  may  belong  to  PIPO/ARPA.  Cooler  sites  on 
benches  and  more  moist  aspects  are  often  PIPO/PUTR. 

Vegetation.— PiMus  ponderosa  is  the  dominant  conifer 
on  most  sites,  although  Juniperus  scopulorum  may  be 
present  as  scattered  individuals.  Mature  overstories  of 
Pinus  ponderosa  are  relatively  dense.  The  undergrowth 
is  conspicuously  shrubby  with  differences  noted  by  two 
phases. 

Symphoricarpos  oreophilus  (SYOR)  phase:  This  phase 
represents  the  cooler  portions  of  the  h.t.  occurring  at 
upper  elevations  and  on  more  northern  aspects.  On  some 
sites,  Populus  tremuloides  may  be  an  early  serai  associ- 
ate. In  addition  to  the  diagnostic  Quercus  gambelii, 
which  may  assume  a  treelike  appearance  (fig.  17),  and 


Figure  M— Pinus  ponderosa/Quercus  gambelii  h.t.,  Symphoricarpos  oreoptiilus 
phase  on  a  gentle  southern  slope  (7,440  feet,  2  270  nn)  near  Hells  Backbone  on 
the  Aquarius  Plateau,  north  of  Escalante,  UT.  Pinus  ponderosa  and  scattered 
Juniperus  scopulorum  create  the  overstory.  Pinus  ponderosa  is  also  present 
as  saplings.  The  shrubby  undergrowth  consists  of  Quercus  gambelii. 
Symphoricarpos  oreophilus,  and  Rosa  woodsii. 
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Symphoricarpos  oreophilus,  the  shrub  stratum  consists 
of  Amelanchier  alni folia,  Berberis  repens,  and  Rosa 
woodsii.  Carex  geyeri  may  sometimes  dominate  a  diverse 
and  often  depauperate  herbaceous  stratum  that  includes 
Carex  rossii,  Koeleria  nitida,  Poa  fendleriana,  and 
Wyethia  amplexicaulis.  Hymenoxys  richardsonii,  present 
in  all  other  Pinus  ponderosa  h.t.'s,  is  absent.  This  phase 
represents  conditions  with  the  highest  structural  diver- 
sity within  the  Pinus  ponderosa  series. 

Quercus  gambelii  (QUGA)  phase:  This  phase 
represents  the  slightly  warmer  portions  of  the  h.t., 
appearing  more  commonly  on  eastern  aspects  at  lower 
elevations.  Quercus  gambelii  is  usually  the  dominant 
shrub  in  mature  undergrowth  and  rarely  achieves  the 
treelike  stature  noted  above  (fig.  18).  In  addition, 
Symphoricarpos  oreophilus  is  not  present.  Pinus  edulis, 
Juniperus  osteosperma,  and  Artemisia  tridentata 
ssp.  vaseyana  may  occur  as  scattered  individuals.  Other 
species  are  common  to  the  SYOR  phase. 

Soils.— PIPO/QUGA  is  most  common  on  Cretaceous 
and  Jurassic  sandstone  that  has  weathered  in  place,  but 
it  also  occurs  on  basalt  and  andesitic  flows  (appendix  F). 
Surface  textures  range  from  sandy  loam  common  in  the 
QUGA  phase  to  loam  and  silt  loam  in  the  SYOR  phase 
(appendix  G).  Both  phases  contain  normally  small 
amounts  of  bare  soil  and  exposed  rock.  Litter  accumula- 
tions average  1.9  inches  (4.9  cm)  on  undisturbed  sites. 


Productivity /management.— Timber  potentieds  for  the 
PIPO/QUGA  h.t.  range  from  very  low  to  low  but  are 
relatively  high  for  the  series  (appendixes  D  and  E).  Site 
index  of  Pinus  ponderosa  is  only  moderately  high,  but 
stands  usually  can  be  fully  stocked.  Most  ground  distur- 
bances associated  with  timber  management,  such  as 
burning  and  scarification,  will  stimulate  Quercus 
gambelii  suckering.  Because  of  the  structural  diversity, 
these  sites  also  have  potentially  high  wildlife  values, 
especially  for  birds.  Deer  may  also  make  use  of  the 
browse  and  mast.  Steinhoff  (1978),  working  in  south- 
western Colorado,  found  a  similar  Pinus  ponderosa  and 
Quercus  gambelii  plant  association  and  listed  a  number 
of  wildlife  species  dependent  upon  this  type,  including 
passerine  birds  and  turkeys.  Presumably  similar  relation- 
ships would  apply  for  this  study  area.  Effects  of  natural 
fire  are  discussed  by  Crane  (1982).  Natural  fire  frequen- 
cies appear  to  range  from  3  to  20  years  (Steinhoff  1978, 
Dieterich  1980,  Madany  and  West  1980).  The  succes- 
sional  status  and  problems  associated  with  attempts  to 
control  Q.  gambelii  will  normally  prevent  the  conversion 
of  shrub  to  graminoid-dominated  undergrowths  more 
suited  to  Uvestock  (Engle  and  others  1983). 

Other  studies.  — PIPO/QUGA  is  a  major  type  south 
and  east  of  this  study  area.  Similar  conditions  have  been 
described  for  the  San  Juan  National  Forest  in  Colorado 
(Terwilliger  and  others  1979)  where  Symphoricarpos 
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Figure  18.— Pinus  ponderosa/Quercus  gambelii  h.t.,  Quercus  gambelii  phase 
on  a  steep  southern  aspect  (8,390  feet,  2  560  m)  near  Wildcat  Pasture  in  the 
Boulder  Mountains.  Pinus  ponderosa  is  the  dominant  conifer,  with  small 
amounts  of  Pinus  edulis  and  Juniperus  scopulorum  also  present.  The 
undergrowth  consists  of  Quercus  gambelii  and  Shepherdia  rotundlfolla. 
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treophilus  and  Berberis  repens  phases  exist.  The  type 
IBS  also  been  described  from  central  Colorado,  where 
'^arex  geyeri  is  a  conspicuous  dominant  in  what  resem- 
iles  our  SYOR  phase  (Hess  and  Wasser  1982).  Although 
he  same  name  is  used  in  New  Mexico  and  Arizona 
Hanks  and  others  1983),  the  presence  of  Festuca  arizon- 
ca  probably  represents  differences  significant  enough  to 
irarrant  distinction.  Three  phases,  also  based  upon  pres- 
mce  or  absence  of  F.  arizonica  and  Pinus  edulis,  have 
»een  described  for  northern  New  Mexico  and  southern 
/olorado  (DeVelice  and  others  in  press);  their  Q.  gam- 
elii  phase  resembles  the  SYOR  phase  of  this  study. 

^inus  ponderosa/Symphoricarpos  oreophilus  h.t. 
PIPO/SYOR;  Ponkerosa  Pine/Mountain 
Snowberry) 


Distribution.— PIPO/SYOR  is  a  minor  h.t.  within  the 
^inus  ponderosa  series  and  appears  to  be  locally  com- 
non  only  on  the  Aquarius  Plateau  and  in  the  Abajo 
fountains.  It  occurs  on  gentle  to  moderate  middle 
slopes  with  southeastern  or  western  exposures.  E leva- 
ions  range  from  7,900  to  8,800  feet  (2  410  to  2  680  m) 
)ut  are  most  commonly  above  8,400  feet  (2  560  m).  It 
nay  abut  a  variety  of  dry  h.t.'s  within  the  same  series, 
ncluding  PIPO/PUTR,  PIPO/MUMO,  or  PIPO/QUGA, 
)r  share  a  boundary  with  the  low  elevation,  warm  and 
Iry  extreme  of  PSME/SYOR  or  ABCO/SYOR. 

Vegetation.— Mature  stands  are  relatively  dense  with 
mre  Pinus  ponderosa.  Juniperus  scopulorum  and 
^opulus  tremuloides  may  be  present  in  trace  amounts  as 
;eral  associates.  Pseudotsuga  menziesii  or  Abies  concolor 
ire  accidental.  A  low  conspicuous  shrub  layer  dominates 
he  undergrowth,  consisting  of  Symphoricarpos  oreophilus 
md  usually  Berberis  repens.  Sometimes  small  amounts 
if  Amelanchier  alnifolia,  Purshia  tridentatOy  Rosa  woodsii, 
ind  Xanthocephalum  sarothrae  may  also  be  present, 
jraminoids  also  present  in  small  amounts  include  Carex 
ossii,  Koeleria  nitida,  and  Muhlenbergia  montana.  The 
orb  component  is  characteristic£illy  absent. 


Soils.— Parent  materials  depend  upon  locality,  with 
Abajo  Mountain  sites  on  Triassic  sandstone  and 
Aquarius  Plateau  sites  on  basalt  or  andesite  flows 
(appendix  F).  Colluvial  or  residual  material  is  most  com- 
mon, and  surface  textures  are  sandy  loam  to  silt  loam. 
Most  sites  have  small  amounts  of  bare  soils  and  exposed 
rock;  one  site  on  the  Aquarius  Plateau  had  35  percent 
rock.  Litter  accumulations  average  1.8  inches  (4.6  cm). 

Productivity/management.- Timber  potentials  are 
generally  low  for  the  h.t.  but  are  relatively  high  for  the 
series  (appendixes  D  and  E).  Yields  are  similar  to 
PIPO/QUGA.  Gentle  slopes  on  the  Aquarius  Plateau 
present  few  problems  for  timber  management  if  small 
clearcuts,  shelterwood,  or  group  selection  methods  are 
considered.  Steeper  slopes  in  the  Abajo  Mountains  may 
increase  transportation  costs.  Wildlife  features  are  simi- 
lar to  PIPO/MUMO.  Domestic  livestock  may  find  moder- 
ate forage  on  these  sites. 

Other  studies.— Steele  and  others  (1981)  describe  a 
PIPO/SYOR  h.t.  from  southern  Idaho  occurring  on 
basalt  and  granitic  parent  material.  Although  associated 
vegetation  and  some  site  characteristics  appear  similar, 
overall  productivity  of  our  PIPO/SYOR  appears  to  be 
much  higher.  This  Utah  variant  of  PIPO/SYOR  should 
thus  be  considered  unique. 

Pinus  ponderosa/Muhlenbergia  montana  h.t. 
(PIPO/MUMO;  Ponderosa  Pine/Mountain  Muhly) 


Distribution.— PIPO/MUMO  is  locally  common  in  the 
southern  portion  of  the  study  area  and  was  also 
observed  as  far  north  as  the  Joes  Valley  portion  of  the 
Wasatch  Plateau.  It  occupies  dry,  low  to  midelevation 
portions  of  the  Pinus  ponderosa  series  and  ranges  from 
7,100  to  8,800  feet  (2  160  to  2  680  m)  in  elevation  on 
predominantly  southern  exposures.  Slopes  range  from 
gentle  to  steep  and  are  usually  convex  or  straight. 
PIPO/MUMO  may  share  boundaries  with  PIPO/SYOR 
or  PIPO/PUTR  and  occasionally  PIPO/QUGA. 
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Vegetation.— Mature  uneven-aged  stands  of  Pinus 
ponderosa  are  characteristically  open  and  relatively  park- 
like. Juniperus  scopulorum  may  be  found  as  a  persistent 
serai  associate.  All  other  trees,  including  Pinus  flexilis, 
Pseudotsuga  menziesii,  Juniperus  osteosperma,  or 
Populus  tremuloides,  are  considered  accidental. 
PIPO/MUMO  represents  the  most  depauperate  under- 
growths  within  the  Pinus  ponderosa  series,  averaging 
only  about  18  percent  canopy  cover.  The  shrub  stratum 
is  noticeably  absent  except  for  scattered  Artemesia 
tridentata.  Other  shrubs  that  may  be  present  in  trace 
amounts  include  Purshia  tridentata,  Ribes  cereum,  Sym- 
phoricarpos  oreophilus,  and  Xanthocephalum  sarothrae. 
A  light  but  conspicuous  graminoid  layer  consists  of  Bou- 
teloua  gracilis,  Carex  rossii,  Muhlenbergia  montana.  and 
Oryzopsis  hymenoides.  Graminoids  such  as  Poa  fendleri- 
ana  and  Sitanion  hystrix  may  have  increased  as  other, 
more  palatable,  species  have  been  grazed.  Forbs  are  con- 
spicuously absent;  only  Hymenoxys  richardsonii  and 
Erigonum  racemosa  have  high  constancy  with  trace 
amounts  of  cover. 

Productivity/management.— Timber  potentials  are  very 
low  (appendix  D).  Stocking  limitations  and  low  site  index 
on  some  sites  will  reduce  expected  yields.  Competition 
from  undergrowth  species,  primarily  graminoids,  may 
affect  artificial  or  natureil  regeneration.  The  dwarf  mis- 
tletoe Arceuthobium  vaginatum  ssp.  cryptopodum  may 
present  management  concerns.  In  Colorado,  Merrill 
(1983)  showed  it  to  have  the  potential  for  higher  severity 
on  warm  dry  sites.  Although  evidence  of  fire  was  not 
noted  for  all  stands,  this  h.t.  most  Hkely  has  a  relatively 
high  natural  fire  interval  with  a  surface  fire  burning 
every  3  to  10  years  carried  by  the  graminoid-dominated 
undergrowth.  Wildlife  may  find  both  forage  and  cover 
within  this  type.  Turkey  habitat  may  be  a  key  concern 
because  of  high  visibility  within  the  open  parklike  under- 
growth. Graminoid  species  may  host  grasshopper  popu- 
lations. Most  stands  contain  evidence  of  deer  use.  Small 
brush  piles,  retained  during  timber  harvesting,  may  ben- 
efit turkeys  and  many  species  of  small  mammals  by 
increasing  cover. 

Other  studies.— PIPO/MUMO  is  a  more  common  type 
south  and  east  of  our  study  area.  It  occurs  in  the  San 
Juan  Mountains  of  southern  Colorado  and  northern  New 
Mexico  (DeVelice  and  others  in  press)  and  is  scattered 
throughout  central  Colorado  (TerwUliger  and  others 
1979;  Hess  1981).  These  authors  note  its  development  on 
shallow  soils  derived  from  granitic  parent  material.  Our 
PIPO/MUMO  also  corresponds  to  the  most  mesic  por- 
tions of  Pinus  ponderosa/Bouteloua  gracilis  h.t. 
described  from  northern  Arizona  (Hanks  and  others 
1983)  and  New  Mexico  (DeVelice  and  others  in  press). 

Unclassified  Stands 

Several  sample  stands  throughout  the  study  area  are 
dominated  by  Populus  tremuloides.  Although  sufficient 
conifer  regeneration  exists,  permitting  a  determination 
of  the  potential  climax  overstory,  undergrowth  composi- 
tion does  not  allow  full  h.t.  classification.  These  stands 
often  contain  species  indicative  of  heavy  grazing.  Several 
stands  on  the  Wasatch  Plateau  have  mature  canopies  of 


Abies  lasiocarpa  and  Picea  engelmannii  and  undergrowth 
that  is  excessively  depauperate.  These  stands  are  often 
close  to  stands  easily  classified  into  the  ABLA/BERE- 
PIEN  h.t.  One  stand  contains  Sambucus  racemosa  as 
the  dominant  undergrowth  species.  One  Picea  pungens 
stand  in  the  Boulder  Mountains  is  in  an  apparent  eco- 
tone;  the  stream  bottom  site  supports  Ribes  lacustre, 
Salix,  and  a  variety  of  species  common  in  PIPU/BERE. 
Four  stands  dominated  by  Picea  englemannii  are  not 
classified.  Again,  most  resemble  stands  belonging  to 
ABLA/BERE,  and  two  are  adjacent  to  Abies  lasiocarpa 
sites.  One  stand  on  the  Paunsaugunt  Plateau  apparently 
contains  Ribes  lacustre  instead  of  Ribes  montigenum; 
other  features  are  similar  to  those  of  the  PIEN/RIMO 
h.t.  Many  of  the  unclassified  stands  would  probably 
belong  to  the  Pinus  ponderosa  series.  Several  stands 
contain  significant  amounts  of  Poa  fendleriana  and 
Sitanion  hystrix  and  are  assumed  to  be  disturbed 
enough  by  grazing  to  warrant  exclusion. 

INDIVIDUAL  ATTRIBUTES  OF 
HABITAT  TYPES 

Our  study  concentrated  on  the  following  habitat  type 
attributes:  the  ecological  role  of  plant  species,  the  timber 
productivity,  soils,  climate,  wildlife  habitat  values,  and 
the  zonal  relationships  of  habitat  types. 

Ecological  Role  of  Plant  Species 

The  functional  role  of  a  plant  species  often  changes 
within  different  portions  of  its  environment  distribution. 
This  is  most  easily  seen  in  some  of  the  tree  species 
found  in  our  study  area.  A  given  species,  such  as 
Pseudotsuga  menziesii,  can  be  either  dominant, 
codominant,  or  subordinate,  and  either  climax  or  serai, 
depending  upon  the  environmental  conditions.  Factors 
that  affect  its  role  also  determine  the  associated  species' 
role.  Thus,  environmental  conditions  of  a  site  might  be 
ideal  for  growth  and  reproduction  of  Pseudotsuga,  and 
also  adequate  for  Abies  lasiocarpa,  which  will  out- 
compete  Pseudotsuga.  The  functional  role  of  a  species 
depends  upon  its  own  environmental  amplitude  as  well 
as  the  relative  amplitude  of  its  competitors. 

The  occurrence  and  role  of  tree  species  reflects  the 
relative  amplitude  and  successional  status  of  the  species 
within  our  study  area.  Appendix  B  may  provide  the  user 
with  a  number  of  ecological  insights  into  the  classifica- 
tion and  its  application  on  the  ground.  For  example,  the 
relative  importance  of  Populus  tremuloides  in  all  but  the 
Pinus  ponderosa  series  is  readily  apparent.  Resource 
managers  may  find  many  situations  where  consideration 
of  the  role  and  function  of  P.  tremuloides  is  warranted. 
Populus  tremuloides  may  serve  as  a  nurse  crop  for  coni- 
fer establishment,  as  a  key  wildlife  habitat  component, 
or  as  an  important  element  in  revegetation  prescriptions. 
The  user  is  advised  to  consult  a  more  detailed  classifica- 
tion of  the  P.  tremuloides  ecosystem  by  Mueggler  and 
Campbell  (in  prep.)  for  additional  management  implica- 
tions and  recommendations.  Appendix  B  also  indicates 
the  h.t.'s  in  which  a  species  is  climax,  serai,  or  absent. 
In  general,  a  serai  species  is  usually  selected  to  favor  in 
timber  management  because  it  is  easier  to  regenerate 
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and  has  higher  productivity.  The  h.t.'s  that  present 
opportunities  for  timber  management  favoring  Picea 
engelmannii  are  easily  determined.  More  importantly, 
those  sites  that  do  not  naturally  support  P.  engelmannii 
can  be  identified  and  avoided. 

The  constancy  and  average  cover  data  (appendix  C) 
portray  the  wide  diversity  between  h.t.'s  of  our  study 
area.  The  relative  amplitude  of  major  forest  species, 
along  with  the  relative  importance  throughout  the  com- 
plete environmental  distribution,  is  also  readily  appar- 
ent. For  example,  Berberis  repens  has  a  wide  amphtude, 
occurring  in  29  h.t.'s.  However,  it  is  only  a  relatively 
important  component  in  the  undergrowth  of  three  h.t.'s. 
Comparisons  between  h.t.'s  allow  the  user  to  make 
meaningful  predictions  about  the  occurrence  of  given 
species.  A  number  of  these  observations  are  discussed 
within  the  text;  for  example,  the  apparent  negative 
correlation  between  Populus  tremuloides  and  Vaccinium 
myrtillus.  A  somewhat  similar  trend  also  exists  with  P. 
tremuloides  and  Quercus  gambelii.  These  tables  condense 
the  vegetation  component  information  of  each  h.t.  and 
reduce  the  need  for  lengthy  type  descriptions. 

Timber  Productivity 

Timber  productivity  was  a  principal  management 
implication  of  this  study.  Site  trees  were  selected  to 
determine  the  potential  height  growth  of  relatively  free- 
growing  trees  for  most  species  on  the  site.  Unfor- 
tunately, site  tree  data  were  not  always  gathered  for 
every  sample  stand  because  of  stand  characteristics. 
Also,  Pfister's  data  do  not  include  his  site  index  data, 
although  he  did  report  on  means  and  ranges  for  his 
types  based  upon  a  few  samples  (Pfister  1972).  As  a  re- 
sult, projections  for  some  types  are  tentative.  However, 
the  total  number  of  samples  (997  trees  on  496  sites)  does 
allow  a  reasonable  comparison  of  productivity  between 
major  h.t.'s  as  well  as  within  most  types.  The  determina- 
tion of  site  index  from  the  height-age  data  follows  the 
procedures  established  by  Pfister  and  others  (1977)  and 
Steele  and  others  (1983).  Criteria  used  to  determine  total 
age,  as  well  as  the  source  of  site  index  curve  and  yield 
capability  data,  depend  upon  the  tree  species. 

For  Picea  engelmannii,  Abies  lasiocarpa,  and  Picea 
pungens,  Alexander's  (1967)  curves  for  P.  engelmannii 
were  used,  with  a  50-year  base  for  site  index.  These 
curves  were  based  on  age  at  breast-height.  Yield  capabil- 
ities were  calculated  following  a  procedure  developed  by 
Pfister  (1977)  and  Alexander  and  others  (1975).  with 
yield  capabiHty  =  -26.0  +  1.84  site  index  (50).  Similar 
application  of  Alexander's  work  in  northern  Utah  (Mauk 
and  Henderson  1984),  central  Idaho  (Steele  and  others 
1981),  and  eastern  Idaho  and  western  Wyoming  (Steele 
and  others  1983)  allows  comparisons  of  yield  and  site 
index  for  similar  h.t.'s  of  different  areas  within  the  mid- 
dle and  northern  Rockies. 

For  a  similar  group  of  species,  including  Pseudotsuga 
menziesii,  Abies  concolor,  and  Pinus  flexilis,  the  site 
index  curves  of  Lynch  (1958)  for  Pinus  ponderosa  were 
used.  A  15-year  estimate  of  breast-height  age  was  added 
j  to  the  sampled  age  of  P.  menziesii  and  A.  concolor,  while 
P.  flexilis  ages  were  increased  by  20  years.  Yield  capabil- 
ity estimates  are  based  upon  work  by  Brickell  (1970). 


Again,  this  procedure  allows  for  comparisons  between 
the  species  that  commonly  grow  together,  and  for  com- 
parisons with  reported  data  from  outside  our  study  area. 

Finally,  Pinus  ponderosa  stands  were  treated  some- 
what differently.  Although  Lynch's  (1958)  site  index 
curves  were  used  with  15-year  breast-height  age  correc- 
tions, field  observations  and  comparisons  with  estimates 
of  yield  based  upon  Brickell's  (1970)  work  for 
P.  ponderosa  suggested  a  significant  difference  between 
P.  ponderosa  stands  in  our  study  area  and  both  south- 
western and  Inland  Empire  stands.  In  general, 
P.  ponderosa  in  central  and  especially  southern  Utah 
appear  to  maintain  diameter  growth  after  a  relatively 
early  cessation  of  height  growth.  The  result  is  a  short, 
thick  bole  with  a  more  cylindrical  rather  than  conical 
shape.  Therefore,  projected  yields  based  upon  available 
site  index  and  yield  capability  relationships  were 
underestimated.  The  most  appropriate  solution  appeared 
to  be  the  use  of  Stage's  (1973,  1975)  stand  growth  model 
prognosis.  Total  standing  volume  for  each  sample  stand 
containing  P.  ponderosa  was  calculated  using  a  Utah 
variant  of  the  model  developed  by  the  Forest  Service's 
Intermountain  Region. 

Our  best  estimate  of  timber  productivity  is  presented 
in  appendixes  D  and  E.  Mean  basal  area  and  site  index 
by  species  within  each  h.t.  (appendix  D)  allow  for  com- 
parisons by  species.  This  table,  combined  with  appendix 
B,  form  much  of  the  basis  for  recommendation  on  the 
most  silviculturally  appropriate  species  to  favor  by 
management.  However,  site  index  alone  may  not  ade- 
quately express  productivity  within  a  given  h.t.  Esti- 
mated net  yield  capability  (cubic  feet),  based  upon 
mature  and  natural  stands,  is  often  more  useful.  As 
stated  by  Brickell  (1970)  and  used  by  Steele  and  others 
(1981.  1983)  and  Mauk  and  Henderson  (1984):  "Yield 
capability,  as  used  by  Forest  Survey,  is  defined  as  mean 
annual  increment  of  growing  stock  attainable  in  fully 
stocked  natural  stands  at  the  age  of  culmination  of 
mean  annual  increment."  Yield  capability  therefore  is 
the  maximum  mean  annual  increment  attainable  under 
the  constraint  of  stands  being  fully  stocked  and  natural. 
Current  estimates  of  yield  capability  (in  cubic 
feet/acre/year)  for  most  types  are  presented  in 
appendix  E. 

Soils 

Characteristics  of  the  upper  3.9  inches  (10  cm)  of  the 
soil  and  the  surficial  geology  are  summarized  in  appen- 
dix F.  Soil  sampling  throughout  the  fieldwork  leading  to 
this  classification  was  designed  to  allow  simple  and 
preliminary  characterization  of  the  surface  soils  for  each 
h.t.  rather  than  detailed  soil-vegetation  investigations. 
However,  a  number  of  apparent  relationships  are  sug- 
gested by  the  Hmited  data  available.  Many  h.t.'s  within 
our  study  area  are  restricted  to  particular  substrates. 
These  trends  are  discussed  within  either  the  series  or 
h.t.  descriptions.  Of  particular  interest  is  the  predomi- 
nance of  major,  widespread  types,  such  as  ABLA/BERE, 
ABCO/BERE,  PSME/BERE,  ABCO/ARPA,  and 
PIPO/ARPA,  on  sedimentary  substrates,  especially  Ter- 
tiary limestone  and  sandstone.  In  contrast, 
ABLA/JUCO,  ABLA/CARO,  PIEN/RIMO, 
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PSME/SYOR,  and  PIPO/PUTR  are  more  common  on 
igneous  parent  materials. 

Surface  textures  for  major  h.t.'s  are  arranged  along  a 
hypothesized  gradient  of  coarse  to  fine  in  appendix  G. 
Although  these  data  are  for  limited  sample  sizes  and  are 
not  intended  to  replace  site-specific  soil  surveys,  they  do 
allow  a  generalized  concept  of  site  conditions  for  most 
types.  A  few  h.t.'s  with  wide  geographical  distribution, 
such  as  ABLA/RIMO-RIMO  or  ABLA/BERE,  also  have 
a  relatively  wide  amplitude  in  surface  textures.  Types 
with  fluvial  or  alluvial  depositions  have  relatively  fine 
textures.  Generally,  h.t.'s  named  after  the  presence  of 
Berberis  repens,  such  as  ABLA/BERE,  PSME/BERE,  or 
ABCO/BERE,  tend  to  have  relatively  fine  surface  tex- 
tures. In  contrast,  coarser  textures  are  found  on  types 
named  after  Symphoricarpos  oreophilus  or  Juniperus 
communis. 

Climate 

Generalized  climatic  factors  for  several  weather  sta- 
tions within  or  adjacent  to  major  h.t.'s  are  displayed  in 
appendix  H,  following  the  graphical  representation  sug- 
gested by  Walter  (1973).  Although  many  h.t.'s  are 
expected  to  contain  wide  variation  in  annual  temperature 
and  precipitation,  the  overall  pattern  should  be  relatively 
consistent.  Interpretation  of  exact  climatic  patterns  for 
many  h.t.'s  is  complicated  by  the  effects  of  soils,  topog- 
raphy, and  wind. 

Wildlife  Habitat  Values 

Although  the  fieldwork  methodology  was  not  designed 
to  determine  h.t. -wildlife  species  relationships,  note- 
worthy observations  are  included  in  the  specific  h.t. 
descriptions.  In  general,  wildlife  may  be  responding  more 
to  the  structural  characteristics  of  our  h.t.'s  than  to  the 
exact  plant  species  assemblages.  If  this  is  true,  then  the 
data  reported  in  appendix  C,  constancy  and  average 
cover  of  major  plant  species,  can  be  used  to  develop  a 
relative  ranking  of  wildlife  habitat  values  for  any  num- 
ber of  wildlife  species.  The  user  must  remember  these 
data  represent  mature  stands;  early  serai  conditions, 
which  may  be  important  for  wildhfe,  are  not  included. 

Zonal  Relationships  of  Habitat  Types 

To  depict  the  relative  position  and  topographic  rela- 
tionship of  major  h.t.'s  within  the  study  area,  schematic 
diagrams  (figs.  19-27)  are  presented  for  representative 
localities.  Habitat  types  are  arranged  in  ascending  order 
corresponding  to  elevation  and  moisture.  Only  major  or 
dominant  types  in  the  area  are  shown.  The  restrictive, 
usually  topoedaphic  types,  such  as  those  found  on 
stream  bottoms,  alluvial  benches,  or  steep  rocky  side 
slopes,  are  usually  omitted.  As  Steele  and  others  (1983) 
note,  these  diagrams  are  complicated  by  the  difficulty  of 
depicting  a  three-dimensional  landscape  or  a  multi- 
dimensional environment  with  two  axes,  but  the  result  is 
still  useful  in  portraying  a  concept  of  the  h.t.  variation 
for  the  different  geographic  areas. 
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Figure  19.  — General  relationship  of  forest 
vegetation  on  the  Tavaputs  Plateau  south  of 
Duchesne,  UT. 
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Figure  20.— General  relationship  of  forest 
vegetation  on  the  Wasatch  Plateau  near 
Price.  UT. 
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Figure  21.— General 
relationship  of  forest 
vegetation  on  the  Wasatch 
Plateau  near  Ephraim,  UT. 
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Figure  22.— General  relationship  of  forest 
vegetation  in  the  Tushar  Mountains  near 
Beaver,  UT. 
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Figure  23.— General  relationship  of  forest 
vegetation  in  the  LaSal  Mountains  near 
Moab,  UT. 
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Figure  24.— General  relationship  of 
forest  vegetation  in  the  Abajo 
Mountains  near  Monticello,  UT. 
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Figure  25.— General  relationship  of 
forest  vegetation  in  tfie  Boulder 
IVIountains  near  Teasdale,  UT. 
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Figure  26.— General  relationstiip  of  forest 
vegetation  on  the  Aquarius  Plateau  north  of 
Escalante,  UT. 


Picea  enge 

ImaniKifi^ 

1 

WM^' 

.' '  ■ , 

/////// 

^ 

r?i  \^^f)^^ 

Pseudotsuga  menzlesil 

Plnus^r^^is 

^;<;V    Abies  concolor 

PInus  ponderosa 

1                Populus  tremuloides 

1 

1 

Mertensia  arlzonica 

■■/AYA 

Ribes  moirUg^iVuro              v^/^ 

Carex  rossii    ^^ 

y/^^^M;^^miM 

SERIES 

o 
o 

m 

< 

ABLA 

z 

UJ 

a 

H.T. 

BERE 

O 

oc 
< 

RIMO 

PHASE 

UJ 
E 
UJ 
OQ 

_i 

LL 

a. 

UJ 

ff 

UJ 
CO 

z 

UJ 

a. 

O 

S 

E 

cc 
< 

UJ 

S 

Figure  27.— General  relationship  of 
forest  vegetation  on  the  Markagunt 
Plateau  near  Cedar  City,  UT. 

RELATIONSHIP  TO  PREVIOUS 
HABITAT  TYPE  CLASSIFICATIONS 
IN  THE  STUDY  AREA 

Although  much  of  this  classification  includes  new  and 
previously  undescribed  h.t.'s,  earlier  work  by  Pfister 
(1972)  and  Kerr  and  Henderson  (1979)  was  incorporated. 
Pfister's  treatment  of  the  subalpine  forests  and  Kerr  and 
Henderson's  classification  for  a  small  test  strip  of  the 
Wasatch  Plateau  were  considered  first  approximations 
and  therefore  influenced  the  conceptual  development  of 
types  reported  by  the  classification.  Where  appropriate, 
these  relationships  are  displayed  in  figure  28.  In  general, 
the  increase  in  sample  stand  numbers  over  a  larger  area 
allowed  for  the  refinement  of  more  h.t.'s  representing 
smaller  partitions  of  the  environment.  The  most  notable 
difference  between  this  work  and  that  reported  by  Kerr 
and  Henderson  (1979)  is  the  standardization  of  nomen- 
clature for  the  Abies  lasiocarpa  series.  The  ABLA/BERE 
h.t.  described  by  Pfister  (1972)  has  had  major  revision  to 
incorporate  phasal  distinctions  based  upon  overstory 
associations  that  affect  timber  management  and  under- 
growth differences  that  apparently  represent  signifi- 
cantly different  site  conditions. 
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SUBALPINE  FOREST  PRICE  DISTRICT 

(Pfister,   1972)  (Kerr  &  Henderson, '79) 


CENTRAL  & 
SOUTHERN  UTAH 
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Figure  28.  — Relationship  with  previous  habitat  type  classifications  in  central  and 
southern  Utah. 
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USE  OF  THE  CLASSIFICATION 


REFERENCES 


This  classification  attempts  to  provide  a  natural 
stratification  of  the  coniferous  forest  lands  in  central 
and  southern  Utah.  The  classification  is  based  upon  the 
potential  natural  vegetation  and  is  designed  to  reflect 
the  combined  effects  of  the  environment  upon  a  given 
site.  An  accurate  and  specific  determination  of  the  exact 
environmental  factors  affecting  each  site  is  thus  unwar- 
ranted. Indeed,  the  overall  goal  of  this  classification 
effort  is  to  develop  types  that  are  meaningful  and  useful 
to  the  resource  manager,  who  may  be  more  concerned 
with  management  practices  and  their  consequences  than 
with  ecophysiological  requirements  and  adaptations. 
Therefore,  validation  will  only  come  with  application. 
Even  though  this  classification  is  considered  extensive, 
based  upon  12  years  of  work  and  over  727  sample 
stands,  additionsd  minor  or  unique  situations  may  exist 
and  warrant  description.  Users  may  forward  recommen- 
dations for  further  refinement  to  the  Regional  Ecology 
and  Classification  Program,  Intermountain  Region, 
USDA  Forest  Service,  Ogden,  UT. 

Pfister  (1976)  and  Steele  and  others  (1983)  have  out- 
lined potential  values  of  habitat  types  in  resource 
management.  They  suggest  the  most  important  use  is  a 
land  stratification  system  that  designates  areas  of  land 
with  approximately  equivalent  environments  or  biotic 
potential.  Resource  managers  should  immediately  recog- 
nize the  benefits  of  incorporating  h.t.'s  into  the  long- 
range  planning  process.  Some  other  current  and 
potential  uses  include: 

1.  Communication  -  the  classification  provides  a  com- 
mon framework  for  users  with  different  disciplines  and 
allows  for  the  extrapolation  of  existing  knowledge  to 
new  and  different  sites. 

2.  Timber  management  -  the  classification  provides 
an  assessment  of  relative  timber  productivity  and  sil- 
vicultural  methods. 

3.  Range  and  wildlife  management  -  the  classification 
provides  a  basis  for  determining  wildlife  and  range 
values  and  changes  following  disturbances. 

4.  Forest  protection  -  the  classification  provides  a 
basis  for  describing  relative  rates  of  fuels  accumulations, 
fire  effects  and  the  role  of  natural  fire,  and  the  natural 
susceptibility  of  forest  sites  to  insects  and  disease. 

5.  Natural  area  preservation  and  research  -  the  clas- 
sification indicates  the  degree  of  diversity  that  requires 
representation  within  the  research  natural  area  system 
and  provides  a  stratification  level  in  future  research 
study  designs. 
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APPENDIX  A.— NUMBER  OF  SAMPLE  STANDS  BY  HABITAT  TYPE,  PHASE,  AND 
VICINITY  IN  CENTRAL  AND  SOUTHERN  UTAH 

PV    =  Pine  Valley  Mountains,  Dixie  National  Forest 

DP   =  Markagunt,  Paunsaugunt,  Sevier,  and  Aquarius  Plateaus,  Escalante  and  Boulder  Mountains  in  the 

Dixie  National  Forest 
AM  =  Abajo  Mountains,  Manti-LaSal  National  Forest 
LM   =  LaSal  Mountains,  Manti-LaSal  National  Forest 

FL    =  Fish  Lake  Plateau,  Tushar,  and  Pahvant  Mountains  in  the  Fishlake  National  Forest 
WP  =  Wasatch  Plateau,  Manti-LaSal  National  Forest 
TP    =  Tavaputs  Plateau,  Ashley  National  Forest 
CB    =  Cedar  Breaks  National  Monument 
BC    =  Bryce  Canyon  National  Park 


Habitat  type,  phase 


Vicinity 


PV 


DP 


AM 


LM 


FL 


WP 


TP  CB 


BC      Total 


Abies  lasiocarpa  Series 
ABLA/ACCO 
ABLA/PHMA 
ABLA/ACGL 
ABLA/VACA,PIEN 
ABLA/VAGL 
ABLA/VAMY 
ABLA/BERE,PIFL 
ABLA/BERE,PIEN 
ABLA/BERE,BERE 
ABLA/RIMO,MEAR 
ABLA/RIMO,RIMO 
ABLA/CAGE 
ABLA/JUCO 
ABLA/CARO 


Abies  concolor  Series 
ABCO/PHMA 
ABCO/AGGL 
ABCO/CELE 
ABCO/ARPA 
ABCO/QUGA 
ABGO/BERE.JUCO 
ABCO/BERE,BERE 
ABCO/JUCO 
ABCO/SYOR 


Picea  engelmannii  Series 
PIEN/RIMO 


Picea  pungens  Series 
PIPU/EQAR 
PIPU/JUCO 
PIPU/BERE 

Pinus  flexilis-Pinus  longaeva  Series 


1    1 

2 

3 

1 

8 

5 

. 

1 

• 

1 

2 

3 

14 

4 

• 

1 

6 

• 

• 

• 

14 

• 

• 

• 

2 

• 

16 

3 

2 

6 

24 

• 

9 

• 

2 

11 

5 

3 

9 

4 

7 

2 

9 

• 

1     25 

6 

10 

17 

63 

6 

•           • 

2 

4 

• 

• 

• 

2     14 

• 

• 

8 

1 

• 

1     12 

• 

• 

9 

5 

• 

17 

5 

7 

14 

4 

7 

16 

51 

30 

37 

128 

6 

25 

27 

374 


• 

• 

• 

2 

• 

• 

2 

1 

• 

1 

1 

• 

• 

4 

3 

• 

• 

3 

1 

1 

9 

1 

7 

2 

• 

• 

2 

12 

• 

2 

• 

2 

• 

• 

7 

• 

5 

• 

3 

3 

• 

2 

13 

1 

12 

• 

3 

8 

• 

2 

26 

• 

3 

• 

2 

• 

• 

• 

5 

• 

5 

2 

2 

2 

11 
89 

• 

18 

• 

2 

• 

• 

• 

20 

20 

• 

5 

. 

. 

• 

. 

• 

5 

• 

7 

• 

2 

3 

1 

• 

13 

5 

1 

4 

2 

12 
30 

7 

2 

6 

3 

• 

18 
18 

(con.) 
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APPENDIX  A.— (Con.) 


Habitat  type,  phase 


PV 


DP 


AM 


Vicinity 

LM  FL  WP 


TP  CB 


BC      Total 


Pseudotsuga  menziesii  Series 
PSME/PHMA 
PSME/CELE 
PSME/ARPA 
PSME/CEMO 
PSME/QUGA 
PSME/BERE,PIPO 
PSME/BERE,BERE 
PSME/SYOR 


Pinus  ponderosa  Series 
PIPO/CELE 
PIPO/ARPA 
PIPO/ARNO 
PIPO/PUTR 
PIPO/QUGA,SYOR 
PIPO/QUGA,QUGA 
PIPO/SYOR 
PIPO/MUMO 


Unclassified  stands 


Total 


14 


2 
1 
1 
2 
7 
2 
13 


2 
9 
7 
16 
3 
4 
3 
7 


16 


272 


13 
1 


44 


50 


90 


204 


29 


17 


3 

11 

5 

5 

5 

8 

21 

19 

77 

6 
15 

8 
21 
15 
14 

6 

8 

93 

26 

26 

727 
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APPENDIX  B.— OCCURRENCE  AND  SUCCESSIONAL  ROLE  OF  TREE  SPECIES  BY 
HABITAT  TYPE  AND  PHASE  FOR  CENTRAL  AND  SOUTHERN  UTAH 


C  =  major  climax  species 
S  =  major  serai  species 
a  =  accidental 


c  =  minor  climax  species 
s  =  minor  serai  species 
(  )  =  only  in  portions  of  h.t. 


Spec 

es 

Habitat  type,  phase         JUOS      JUSC 

PIED 

POTR 

FIFO 

FSME 

FIFL 

FILO 

PIPU       FIEN 

ABCO 

ABLA 

ABLA/ACCO 

(s) 

a 

(s) 

a 

• 

( 

(S) 

G 

ABLA/PHMA 

S 

• 

S 

• 

• 

(S) 

• 

G 

ABLA/ACGL 

S 

• 

S 

(s) 

• 

(s)             S 

s 

C 

ABLA/VACA,PIEN 

s 

• 

a 

• 

• 

S 

a 

G 

ABLA/VAMY 

• 

• 

a 

• 

• 

S 

• 

G 

ABLA/BERE,PIFL 

s 

a 

S 

S 

a 

s 

(s) 

G 

ABLA/BERE,PIEN 

s 

• 

(S) 

a 

• 

(s)            S 

(s) 

G 

ABLA/BERE,BERE 

s 

a 

s 

a 

a 

(S) 

J 

(S) 

G 

ABLA/RIMO,MERE 

(S) 

• 

a 

a 

• 

( 

a 

G 

ABLA/RIMO,RIMO 

(S) 

• 

(s) 

a 

• 

( 

• 

G 

ABLA/CAGE 

s 

• 

(s) 

• 

• 

s 

• 

G 

ABLA/JUCO 

s 

• 

(s) 

(s) 

(s) 

(s)            S 

(s) 

G 

ABLA/GARO 

s 

a 

S 

a 

• 

a             S 

• 

G 

ABGO/CELE 

s 

a 

S 

S 

(s) 

• 

• 

G 

• 

ABCO/ARPA 

c 

a 

S 

s 

S 

(s) 

(s) 

G 

• 

ABCO/QUGA 

c 

• 

S 

s 

a 

• 

• 

G 

• 

ABCO/BEREJUCO 

a 

s 

S 

s 

s 

(s) 

S 

a 

C 

• 

ABCO/BERE,BERE 

(s) 

s 

S 

s 

(s) 

(s) 

(s) 

G 

a 

ABCO/JUCO 

(s) 

s 

a 

s 

s 

• 

S 

G 

a 

ABCO/SYOR 

c 

(s) 

S 

S 

a 

• 

a 

G 

• 

PIEN/RIMO 

• 

(s) 

• 

• 

• 

• 

G 

• 

a 

PIPU/EQAR 

• 

s 

• 

(s) 

• 

• 

C           (c) 

• 

a 

PIPU/JUCO 

s 

s 

(S) 

(s) 

(s) 

a 

G             ; 

J 

• 

a 

PIPU/BERE 

(S) 

s 

s 

S 

S 

a 

G 

• 

a 

PIFL-PILO 

(c) 

a 

(s) 

a 

(c) 

G 

(C) 

a 

a 

a 

PSME/GELE 

c 

(s) 

(s) 

(s) 

G 

• 

(s) 

a 

• 

PSME/ARPA 

c 

• 

• 

S 

G 

S 

• 

• 

PSME/GEMO                           c 

;             c 

c 

• 

a 

C 

• 

a 

• 

PSME/QUGA 

c 

• 

a 

S 

G 

• 

a 

• 

PSME/BERE,PIPO 

s 

• 

S 

S 

G 

a 

• 

a 

PSME/BERE,BERE 

s 

• 

s 

a 

G 

(s) 

a 

• 

• 

PSME/SYOR 

c 

a 

s 

S 

G 

a 

a 

• 

a 

PIPO/GELE                            (J 

.)            c 

s 

• 

C 

a 

• 

• 

a 

• 

PIPO/ARPA 

c 

• 

• 

C 

a 

(s) 

a             £ 

3 

• 

• 

PIPO/ARNO 

c 

• 

• 

G 

a 

(s) 

a             c 

J 

• 

• 

PIPO/PUTR 

c 

a 

• 

G 

a 

a 

1 

• 

• 

PIPO/QUGA,SYOR 

s 

• 

a 

G 

a 

• 

• 

• 

PIPO/QUGA,QUGA                (j 

)            s 

(s) 

• 

G 

a 

. 

. 

. 

PIPO/SYOR 

s 

• 

(s) 

G 

a 

• 

a 

a 

PIPO/MUMO                            £ 

I               s 

a 

a 

G 

a 

a 

• 

• 
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APPENDIX  C— CONSTANCY  AND  AVERAGE  COVER  (THE  LATTER  IN 
PARENTHESES)  OF  IMPORTANT  PLANTS  IN  CENTRAL  AND  SOUTHERN 
UTAH  HABITAT  TYPES  AND  PHASES 


NO.  STANDS  IN  H.T. 


!  ABLA/ 

ABLA/ 

ABLA/ 

ABLA/ 

ABLA/ 

ABLA/ 

ABLA/ 

ABLA/   ! 

!   ACCO 

PHMA 

ACGL 

VACA 

VAMY 

BERE 

BERE 

BERE   ! 

PIEN 

PIFL 

PIEN 

BERE   ! 

!    17 

5 

7 

14 

7 

16 

51 

30   ! 

TREES 
ABIES  LASIOCARPA 
ABIES  CONCOLOR 
PICEA  ENGELMANNII 
PICEA  PUNGENS 
PSEUDOTSUGA  MENZIESII 
PINUS  FLEXILIS 
PINUS  LONGAEVA 
PINUS  PONDEROSA 
POPULUS  TREMULOIDES 
PINUS  EOULIS 
JUNIPERUS  SCOPULORUM 
JUNIPERUS  OSTEOSPERMA 

SHRUBS 
ACER  GLABRUM 
AMELANCHIER  ALNI FOLIA 
ARCTOSTAPHYLOS  PATULA 
ARCTOSTAPHYLOS  UVA-URSI 
ARTEMISIA  NOVA 
ARTEMISIA  TRIDENTATA 
BERBERIS  REPENS 
CEANOTHUS  MARTINI  1 
CERCOCARPUS  LEDIFOLIUS 
CERCOCARPUS  MONTANUS 
CHRYSOTHAMNUS  PARRYI 
CHRYSOTHAMNUS  VISCIDI FLORUS 
JUNIPERUS  COMMUNIS 
LINNAEA  BOREAL  IS 
LONICERA  INVOLUCRATA 
LONICERA  UTAHENSIS 
PACHISTIMA  MYRSINITES 
PHYSOCARPUS  MALVACEUS 
PRUNUS  VIRGINIANA 
PURSHIA  TRIDENTATA 
QUERCUS  GAMBELII 
RIBES  CEREUM 
RIBES  MONTIGENUM 
RIBES  VISCOSISSIMUM 
ROSA  WOODS  1 1 
SALIX  SCOULERIANA 
SAMBUCUS  RACEMOSA 
SHEPHERDIA  CANADENSIS 
SHEPHERDIA  ROTUNDI FOLIA 
SYMPHORICARPOS  OREOPHILUS 
VACCINIUM  CAESPITOSUM 
VACCINIUM  MYRTILLUS 
XANTHOCEPHALUM  SAROTHRAE 


100(24)   100(45 
6(45)    -(  - 


100(48) 

-(  -) 

12(25) 

6(12) 

-(  -) 


6(  1) 

18(  3) 

■(  -) 

-(  -) 

■(  ■) 

-(  -) 

12(  T) 

-(  -) 

■(  -) 

-(  ■) 

■(  -) 

■(  -) 

6(  T) 

6(  4) 

29(  2) 

12(  1) 

24(  2) 

-(  ■) 

-(  •) 

-(  ■) 

6(  T) 

6(10) 

88(  6) 

-(  -) 

18(  1) 

6(  T) 

41(  2) 

6(  T) 


■(  -) 
53(  2) 
6(35) 
6(35) 
-(  -) 


40(40 
■(  • 

60(14 
-(  ■ 
-(  ■ 


6(  4)  -(  - 

41(  8)  60(17 

-(  ■)  ■(  - 

-(  -)  ■(  - 

-(  ■)  -(  - 


40(  8 
■(  - 


60(  1 
-(  - 


(  - 
(  ■ 


60(  8 

80(  3 

100(10 


•( 


•(  - 

-(  ■ 

-(  - 

40(  1 

80(  4 

20(  T 

-(  - 

40(  1 

40(  2 


-(  - 

40(  1 

■(  - 

-(  - 

-(  - 


100(38)  93 

57(22)  7 

86(15)  100 
14(  T) 

71(43)  7 
29(11) 


•(  ■) 


-(  ■) 
57(13) 


57 


-(  ■) 

14(  7) 

■(  -) 


100(  6) 
43(  2) 


(  -) 


(  •) 


(  ■) 


■(  -) 
71(  5) 


21 


(  -) 


-(  -) 

14(  1) 


■(  -) 


-(  ■) 

14(  T) 

-(  •) 


■(  -) 

43(  7)   14 

86(  1)   86 

14(  4) 


■(  -) 


•(  -) 


•(  -) 


•(  -) 

■(  -)  50 

43(11)  21 

57(  5)  14 


•(  -) 
•(  -) 
■(  -) 


-(  -) 
86(10)   50 
-(  -)   100 


(  -) 


(  -) 


100(29 
-(  - 

100(76 

-(  - 

14(  6 

-(  - 


•( 


-(  ■ 
-(  - 


-(  - 

29(  T 

-(  - 

86(  4 

14(  3 

14(  1 

-(  - 


•( 


■(  ■ 

100(  8 

-(  - 

-(  • 


100(56 
-(  - 


100 
25 
56 
31 
81 

100 
13 
13 
81 


44 


100 


94 


63 


38 
50 

63 


88 


37) 
17) 
19) 
18) 
33) 
11) 
3) 
6) 
22) 


100 

2 

100 

12 

43 

8 


71 


) 


-) 
1) 
-) 
-) 
-) 
-) 
11) 
-) 
-) 
■) 
-) 
-) 
9) 
■) 
■) 
-) 
1) 
-) 
■) 
-) 
-) 
4) 
5) 
-) 
2) 
-) 
1) 
T) 
-) 
5) 
-) 
•) 
-) 


12 


67 


39 


4 
45 
10 
41 

2 

16 
14 


65 


45)  100 
65)   13 


33) 
5) 

21) 
1) 
■) 
-) 

20) 


) 


-) 
T) 
-) 
-) 
•) 
-) 
6) 
-) 
-) 
-) 
-) 
-) 
7) 
-) 
T) 
4) 
4) 
T) 
-) 
-) 
-) 
1) 
5) 
2) 
2) 
8) 
1) 
2) 
-) 
5) 
-) 
2) 
-) 


7 
33 
57 

7 

3 

10 

90 


90 


50 


7 

47 

7 


7 
7 

70 

10 
10 


80 


57) 

32) 

1) 

30) 

38) 

1) 

T) 

2) 

36) 

■) 

-) 

■) 


T) 
T) 

40) 
2) 
-) 
-) 
7) 
■) 
■) 
-) 
-) 
-) 

10) 
-) 
-) 
2) 
3) 
1) 
-) 
-) 
■) 

10) 
4) 
-) 
3) 
-) 
1) 

13) 
-) 
6) 
-) 
■) 
-) 


(con.) 
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APPENDIX  C.-(Con.) 


NO.    STANDS    IN   H.T. 


ABLA/ 
ACCO 


17 


ABLA/ 
PHMA 


ABLA/ 
ACGL 


ABLA/ 
VACA 
PIEN 

14 


ABLA/ 
VAMY 


ABLA/ 
BERE 
PIFL 

16 


ABLA/  !  ABLA/  ! 
BERE  !  BERE  ! 
PIEN   !   BERE   ! 


51 


30 


I 


GRAMINOIDS 
AGROPYRON  SPICATUM 
BOUTELOUA  GRACILIS 
BROMUS  CARINATUS 
BROMUS  CILIATUS 
CAREX  DISPERMA 
CAREX  GEYERI 
CAREX  ROSSI  I 
ELYMUS  GLAUCUS 
FESTUCA  OVINA 
GLYCERIA  ELATA 
KOELERIA  NITIDA 
MUHLENBERGIA  MONTANA 
ORYZOPSIS  HYMENOIDES 
POA 

POA  FENDLERIANA 
POA  NERVOSA 
POA  PRATENSIS 
SITANION  HYSTRIX 
ST  I  PA  COLUMBIANA 
ST  I  PA  COMATA 
STIPA  LETTERMANII 
TRISETUM  SPICATUM 

FORBS 
ACHILLEA  MILLEFOLIUM 
ACONITUM  COLUMBIANUM 
ACTAEA  RUBRA 
AQUILEGIA  COERULEA 
ARAB  IS  DRUMMONDII 
ARNICA  CORD  I  FOLIA 
ASTER  ENGELMANNII 
ASTRAGALUS  MISER 
BALSAMORHIZA  SAGITTATA 
DELPHINIUM  BARBEYI 
DELPHINIUM  OCCIDENTALE 
EPILOBIUM  ANGUSTIFOLIUM 
ERIGERON  PEREGRINUS 
ERIOGONUM  RACEMOSUM 
GERANIUM  RICHARDSONII 
GERANIUM  VISCOSISSIMUM 
HAPLOPAPPUS  PARRY  I 
HELENIUM  HOOPESII 
HERACLEUM  LANATUM 
HYMENOXYS  RICHARDSONII 
LATHYRUS  LANSZWERTII 
LATHYRUS  PAUCIFLORUS 
LI  GUST  I  CUM  PORTER  I 
LUPINUS  ARGENTEUS 
MERTENSIA  ARIZONICA 
MERTENSIA  CILIATA 
C2M0RHIZA  CHILENSIS 
PEDICULAR  IS  RACEMOSA 
POLEMONIUM  PULCHERRIMUM 
PYROLA  SECUNDA 
SENECIO  TRIANGULARIS 
SMILACINA  STELLATA 
STREPTOPUS  AMPLEXIFOLIUS 
THALICTRUM  FENDLERI 
TRIFOLIUM  LONGIPES 
EQUISETUM  ARVENSE 


12 
65 
6 
24 
24 
12 


12 


35 
53 

47 
59 


47 
24 


12 
47 
29 
29 


24 
35 
82 
12 
12 
53 
12 
35 
18 
71 
24 
6 


•) 
-) 
8) 
1) 
1) 
6) 
1) 
2) 
■) 
5) 
■) 
-) 
-) 
2) 
-) 
-) 
•) 
-) 
T) 
-) 
■) 
■) 


1) 
7) 
2) 
1) 
-) 
3) 
1) 
■) 
■) 
5) 

12) 
1) 
3) 
-) 
8) 
-) 
T) 
1) 
6) 
-) 
2) 
2) 
T) 
■) 
9) 
9) 

11) 

11) 
6) 
1) 

33) 
6) 
9) 
3) 
7) 
4) 


40 


20 


40 


20 


20 


80 

60 
20 
40 


43 
14 


14 


57 

14 


57 


29 


43 


43 


43 


50 


14 


29 


36 


14 


57 


7 
86 

7 
71 


43 


71 


29 


43 


71 


14 


43 


43 


29 
100 
57 
71 
86 


43 


19 
44 


6 

81 

25 


13 
31 
19 

44 


56 


31 

13 

6 

6 

63 


13 
25 
19 


19 

19 
6 

13 

19 

6 
19 


1) 
2) 


31 


T) 
3) 
-) 
1) 


8 

67 

8 

2 


-) 
1) 
1) 
1) 
-) 
1) 
-) 


2) 
1) 


1)   20 


) 


-) 
1) 
T) 
2) 
15) 
2) 


45 
8 
37 
14 
22 


■) 
■) 
■) 
T) 
2) 


8) 
1) 
6) 
-) 


) 


■) 
6) 
■) 
1) 
T) 
1) 
-) 
5) 
-) 
T) 
1) 


37 
4 
8 

10 

20 
6 

67 
4 
4 

51 


-) 
T) 
-) 
3) 
6) 
-) 


10 


49 
4 


-) 
3) 


-) 
17) 
1) 
1) 
T) 


) 


) 


•) 
T) 
3) 
T) 
-) 
1) 
T) 


1) 
T) 


-) 
3) 
T) 
5) 
3) 
2) 


9) 
1) 
2) 
4) 


-) 
1) 
5) 
3) 


) 


■) 
8) 
15) 
4) 
2) 
2) 
1) 
4) 
6) 
2) 
3) 


3) 
4) 
-) 


3 

47 


7 

77 

3 

3 


3 

17 
7 
7 

27 
7 


13 


3)   33 


3 

20 
20 
13 
3 
27 


23 

3 

20 
7 
3 

37 


27 


-) 

1)   13 


■) 
-) 
2) 
1) 
■) 

15) 
1) 
2) 
T) 
■) 
-) 
-) 
-) 
3) 
1) 
T) 
4) 
1) 

13) 
-) 
1) 
-) 


2) 
-) 
T) 
1) 
T) 
3) 
1) 
7) 
-) 
2) 
-) 
1) 
1) 
-) 
-) 
1) 
2) 
6) 
-) 
-) 
11) 
-) 
2) 
1) 
1) 
3) 
3) 
-) 
-) 
3) 
-> 
2) 
■) 
7) 
5) 
-) 


(con.) 
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APPENDIX  C.-(Con.) 


NO.    STANDS   IN   H.T. 


ABLA/ 
RIMO 
MEAR 

37 


ABLA/ 
RIMO 
RIMO 

128 


ABLA/ 
CAGE 


ABLA/ 
JUCO 


25 


ABLA/ 
CARO 


27 


ABCO/ 
CELE 


ABCO/ 
ARPA 


12 


ABCO/ 
QUGA 


TREES 
ABIES   LASIOCARPA 
ABIES  CONCOLOR 
PICEA  ENGELMANNII 
PICEA  PUNGENS 
PSEUDOTSUGA  MENZIESII 
PINUS   FLEXILIS 
PINUS  LONGAEVA 
PINUS  PONDEROSA 
POPULUS   TREMULOIDES 
PINUS  EDULIS 
JUNIPERUS  SCOPULORUM 
JUNIPERUS  OSTEOSPERMA 

SHRUBS 
ACER   GLABRUM 
AMELANCHIER  ALNIFOLIA 
ARCTOSTAPHYLOS  PATULA 
ARCTOSTAPHYLOS  UVA-URSI 
ARTEMISIA  NOVA 
ARTEMISIA  TRIDENTATA 
BERBERIS  REPENS 
CEANOTHUS  MARTINI  I 
CERCOCARPUS   LEDIFOLIUS 
CERCOCARPUS  MONTANUS 
CHRYSOTHAMNUS  PARRY  I 
CHRYSOTHAMNUS  VISCIDI FLORUS 
JUNIPERUS  COMMUNIS 
LINNAEA  BOREALIS 
LONICERA    INVOLUCRATA 
LONICERA  UTAHENSIS 
PACHISTIMA  MYRSINITES 
PHYSOCARPUS  MALVACEUS 
PRUNUS  VIRGINIANA 
PURSHIA  TRIDENTATA 
QUERCUS  GAMBELII 
RIBES  CEREUM 
RIBES  MONTIGENUM 
RIBES  VISCOSISSIMUM 
ROSA  WOODS  1 1 
SALIX  SCOULERIANA 
SAMBUCUS  RACEMOSA 
SHEPHERDIA  CANADENSIS 
SHEPHERDIA   ROTUNDI FOLIA 
SYMPHORICARPOS  OREOPHILUS 
VACCINIUM  CAESPITOSUM 
VACCINIUM  MYRTILLUS 
XANTHOCEPHALUM   SAROTHRAE 
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APPENDIX  C— (Con.) 


NO.    STANDS   IN   H.T. 


ABLA/ 
RIMO 
MEAR 

37 


ABLA/ 
RIMO 
RIMO 

128 


ABLA/   !  ABLA/ 

CAGE   !  JUCO 

! 

6   !  25 


ABLA/ 
CARO 


27 


ABCO/ 
CELE 


ABCO/ 
ARPA 


12 


ABCO/ 
QUGA 


GRAMINOIDS 
AGROPYRON  SPICATUM 
BOUTELOUA  GRACILIS 
BROMUS  CARINATUS 
BROMUS  CILIATUS 
CAREX  DISPERMA 
CAREX  GEYERI 
CAREX  ROSSI  I 
ELYMUS  GLAUCUS 
FESTUCA  OVINA 
GLYCERIA  ELATA 
KOELERIA  NITIDA 
MUHLENBERGIA  MONTANA 
ORYZOPSIS  HYMENOIDES 
POA 

POA  FENDLERIANA 
POA  NERVOSA 
POA  PRATENSIS 
SITANION  HYSTRIX 
ST  I  PA  COLUMBIANA 
ST  I  PA  COMATA 
STIPA  LETTERMANII 
TRISETUM  SPICATUM 

FORBS 
ACHILLEA  MILLEFOLIUM 
ACONITUM  COLUMBIANUM 
ACTAEA  RUBRA 
AQUILEGIA  COERULEA 
ARABIS  DRUMMONDII 
ARNICA  CORD  I  FOLIA 
ASTER  ENGELMANNII 
ASTRAGALUS  MISER 
BALSAMORHIZA  SAGITTATA 
DELPHINIUM  BARBEYI 
DELPHINIUM  OCCIDENTALE 
EPILOBIUM  ANGUSTI FOLIUM 
ERIGERON  PEREGRINUS 
ERIOGONUM  RACEMOSUM 
GERANIUM  RICHARDSON  1 1 
GERANIUM  VISCOSISSIMUM 
HAPLOPAPPUS  PARRY  I 
HELENIUM  HOOPESII 
HERACLEUM  LANATUM 
HYMENOXYS  RICHARDSON II 
LATHYRUS  LANSZWERTII 
LATHYRUS  PAUCIFLORUS 
LI  GUST  I  CUM  PORTER  I 
LUPINUS  ARGENTEUS 
MERTENSIA  ARIZONICA 
MERTENSIA  CILIATA 
OSMORHIZA  CHI  LENS  IS 
PEDICULAR  IS  RACEMOSA 
POLEMONIUM  PULCHERRIMUM 
PYROLA  SECUNDA 
SENECIO  TRIANGULARIS 
SMILACINA  STELLATA 
STREPTOPUS  AMPLEXIFOLIUS 
THALICTRUM  FENDLERI 
TRIFOLIUM  LONGIPES 
EQUISETUM  ARVENSE 
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APPENDIX  C.-(Con.) 


NO.   STANDS   IN   H.T. 


ABCO/ 
BERE 
JUCO 

13 


ABCO/ 
BERE 
BERE 

26 


ABCO/ 
JUCO 


ABCO/ 
SYOR 


11 


PIEN/ 
RIMO 


20 


PIPU/ 
EQAR 


PIPU/ 
JUCO 


13 


PIPU/ 
BERE 


12 


TREES 
ABIES  LASIOCARPA 
ABIES  CONCOLOR 
PICEA  ENGELMANNII 
PICEA  PUNGENS 
PSEUDOTSUGA  MENZIESII 
PINUS  FLEXILIS 
PINUS  LONGAEVA 
PINUS  PONDEROSA 
POPULUS  TREMULOIDES 
PINUS  EDULIS 
JUNIPERUS  SCOPULORUM 
JUNIPERUS  OSTEOSPERMA 

SHRUBS 

ACER  GLABRUM 
AMELANCHIER  ALNIFOLIA 
ARCTOSTAPHYLOS  PATULA 
ARCTOSTAPHYLOS  UVA-URSI 
ARTEMISIA  NOVA 
ARTEMISIA  TRIDENTATA 
BERBERIS  REPENS 
CEANOTHUS  MARTINI  I 
CERCOCARPUS  LEOIFOLIUS 
CERCOCARPUS  MONTANUS 
CHRYSOTHAMNUS  PARRY  I 
CHRYSOTHAMNUS  VISCIDIFLORUS 
JUNIPERUS  COMMUNIS 
LINNAEA  BOREAL  IS 
LONICERA   INVOLUCRATA 
LONICERA  UTAHENSIS 
PACHISTIMA  MYRSINITES 
PHYSOCARPUS  MALVACEUS 
PRUNUS  VIRGINIANA 
PURSHIA  TRIDENTATA 
QUERCUS  GAMBELII 
RISES  CEREUM 
RIBES  MONTIGENUM 
RIBES  VISCOSISSIMUM 
ROSA  WOODS 1 1 
SALIX  SCOULERIANA 
SAMBUCUS  RACEMOSA 
SHEPHERDIA  CANADENSIS 
SHEPHERDIA  ROTUNDIFOLIA 
SYMPHORICARPOS  OREOPHILUS 
VACCINIUM  CAESPITOSUM 
VACCINIUM  MYRTILLUS 
XANTHOCEPHALUM   SAROTHRAE 
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NO.    STANDS   IN   H.T. 
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NO.    STANDS    IN   H.T. 
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42 

:  1) 

IK  2) 

-(  ■) 

■( 

-) 

- 

[  - 

1 

[  •) 

- 

[  -) 

19 

:  1) 

- 

'  ■) 

-(  ■) 

-(  -) 

•( 

■) 

- 

[  - 

1 

[  ■) 

- 

[    -) 

10 

:  1) 

5 

>  T) 

39(  2) 

9(  4) 

20( 

1) 

- 

[  - 

)   60 

[  2) 

50 

:  T) 

48 

:  2) 

37 

:  1) 

■(  -) 

-(  -) 

-( 

■) 

- 

[  - 

1 

[  -) 

- 

[  -) 

■ 

:  -) 

- 

:  -) 

IK  T) 

9(  6) 

40( 

T) 

- 

[  - 

1 

[  -) 

- 

:  -) 

10 

:  T) 

11 

'  T) 

6(  3) 

-(  -) 

-( 

■) 

- 

[  - 

1 

C  -) 

- 

:  -) 

10 

:  T) 

5 

T) 

■(  ■) 

-(  -) 

20( 

2) 

40 

[  3 

1 

[  -) 

- 

[  -) 

- 

:  ■) 

- 

-) 

72(10) 

73(  7) 

80  ( 

3) 

60 

[  3 

)  100 

C32) 

100 

:  4) 

95 

:i5) 

100 

2) 

•(  ■) 

-(  -) 

-( 

-) 

- 

[  • 

1 

[  ■) 

- 

:  ■) 

- 

:  -) 

-( 

-) 

-(  -) 

-(  -) 

-( 

-) 

• 

c  - 

1 

[  -) 

- 

[  -) 

- 

:  -) 

-( 

-) 

6(  3) 

9(  1) 

20( 

2) 

20 

[  T 

1 

(  -) 

25 

[  T) 

■ 

:  ■) 

16( 

1) 

(con.) 
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APPENDIX  C— (Con.) 


NO.    STANDS    IN   H.T. 


PIFL- 
PILO 


18 


PSME/ 
CELE 


11 


PSME/ 
ARPA 


PSME/ 
CEMO 


PSME/ 
QUGA 


PSME/ 
BERE 
PIPO 

8 


PSME/ 
BERE 
BERE 

21 


PSME/ 
SYOR 


19 


GRAMINOIDS 
AGROPYRON  SPICATUM 
BOUTELOUA  GRACILIS 
BROMUS  CARINATUS 
BROMUS  CILIATUS 
CAREX  DISPERMA 
CAREX  GEYERI 
CAREX  ROSSI  I 
ELYMUS  GLAUCUS 
FESTUCA  OVINA 
GLYCERIA  ELATA 
KOELERIA  NITIDA 
MUHLENBERGIA  MONTANA 
ORYZOPSIS  HYMENOIDES 
POA 

POA  FENDLERIANA 
POA  NERVOSA 
POA  PRATENSIS 
SITANION  HYSTRIX 
ST  I  PA  COLUMBIANA 
ST  I  PA  COMATA 
STIPA  LETTERMANII 
TRISETUM  SPICATUM 

FORBS 
ACHILLEA  MILLEFOLIUM 
ACONITUM  COLUMBIANUM 
ACTAEA  RUBRA 
AQUILEGIA  COERULEA 
ARAB  IS  DRUMMONDII 
ARNICA  CORD  I  FOLIA 
ASTER  ENGELMANNII 
ASTRAGALUS  MISER 
BALSAMORHIZA  SAGITTATA 
DELPHINIUM  BARBEYI 
DELPHINIUM  OCCIDENTALE 
EPILOBIUM  ANGUSTI FOLIUM 
ERIGERON  PEREGRINUS 
ERIOGONUM  RACEMOSUM 
GERANIUM  RICHARDSONII 
GERANIUM  VISCOSISSIMUM 
HAPLOPAPPUS  PARRY  I 
HELENIUM  HOOPESII 
HERACLEUM  LANATUM 
HYMENOXYS  RICHARDSONII 
LATHYRUS  LANSZWERTII 
LATHYRUS  PAUCIFLORUS 
LIGUSTICUM  PORTERI 
LUPINUS  ARGENTEUS 
MERTENSIA  ARIZONICA 
MERTENSIA  CILIATA 
OSMORHIZA  CM  I  LENS  IS 
PEDICULAR  IS  RACEMOSA 
POLEMONIUM  PULCHERRIMUM 
PYROLA  SECUNDA 
SENECIO  TRIANGULARIS 
SMILACINA  STELLATA 
STREPTOPUS  AMPLEXIFOLIUS 
THALICTRUM  FENDLERI 
TR I  FOLIUM  LONG  I  PES 
EQUISETUM  ARVENSE 


6(  1)  9(  1)  20(  7)  -(  -)  -(  -)  -(  -)  10(  1)  16(  3) 

-(  -)  -(  -)  20(  T)  20(  T)  -(  -)  -(  -)  -(  -)  11(  1) 

17(  1)  -(  -)  -(  -)  ■(  -)  -(  -)  -(  -)  10(  T)  5(  T) 

6(  T)  -(  -)  20(  T)  -(  -)  20(  T)  13(  T)  19(  T)  16(  T) 

■(  ■)  -(  •)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  ■(  ■) 

-(  ■)  ■(  ■)  20(  T)  ■(  -)  20(20)  -(  -)  5(45)  11(  2) 

56(  1)  45(  1)  80(  1)  80(  T)  100(  1)  100(  1)  67(1)  74(1) 

■(  ■)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -) 

22(  1)  9(  T)  -(  -)  20(  T)  -(  -)  38(  2)  -(  -)  37(  1) 

-(  -)  ■(  ■)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -) 

6(  2)  9(  1)  20(  T)  -(  -)  60(  2)  38(  T)  5(  T)  32(  1) 

IK  9)  -(  -)  20(  T)  -(  -)  40(  T)  -(  -)  ■(  -)  26(  1) 

11(  3)  18(  1)  40(  T)  40(  1)  20(  T)  38(  T)  ■(  -)  11(  1) 

-(  -)  ■(  -)  -(  -)  -(  ■)  20(  2)  -(  -)  5(  1)  -(  -) 

22(  1)  45(  8)  80(  2)  -(  -)  100(  2)  50(  3)  24(  1)  68(  4) 

-(  -)  -(  -)  ■(  ■)  -(  ■)  20(  3)  -(  -)  5(  3)  5(  T) 

IK  1)  9(  6)  -(  ■)  -(  -)  -(  -)  -(  -)  5(  T)  5(  1) 

22(  1)  18(  4)  60(  1)  20(  T)  60(  2)  100(  1)  24(  T)  74(  1) 

6(  T)  9(  2)  -(  -)  -(  -)  -(  -)  13(  T)  14(  1)  -(  -) 

6(  1)  27(  1)  20(  T)  -(  -)  -(  -)  13(  3)  -(  ■)  16(  4) 

22(  2)  9(  3)  ■(  -)  -(  -)  40(13)  25(  T)  43(  1)  5(  2) 

6(  T)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  ■(  -)  -(  -) 

33(  1)  9(  2)  40(  T)  -(  -)  40(  1)  38(  1)  5(  T)  11(  1) 

■(  -)  -(  -)  -(  -)  -(  -)  -(  ■)  -(  -)  -(  -)  ■(  -) 

■(  -)  -(  ■)  -(  -)  -(  -)  -(  ■)  ■(  -)  -(  -)  -(  •) 

17(  T)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  5(  T)  -(  -) 

IK  T)  9(  T)  -(  -)  -(  -)  20(  T)  25(  T)  10(  T)  5(  T) 

-(  -)  -(  -)  -(  -)  -(  ■)  -(  -)  ■(  -)  5(  T)  ■(  -) 

-(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -) 

33(  7)  -(  -)  20(  T)  20(  1)  -(  ■)  38(  1)  ■(  -)  -(  -) 

6(  2)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -) 

■(  -)  ■(  ■)  ■(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -) 

-(  -)  -(  ■)  -(  -)  -(  •)  -(  -)  ■(  ■)  -(  -)  -(  ■) 

-(  -)  -(  ■)  •(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  ■) 

■(  -)  ■(  •)  ■(  -)  ■(  -)  -(  ■)  -(  -)  ■(  ■)  ■(  ■) 

■(  -)  18(  T)  60(  T)  -(  -)  20(  T)  25(  T)  5(  T)  21(  T) 

■(  -)  ■(  ■)  •(  ■)  -(  ■)  -(  •)  -(  ■)  -(  ■)  ■(  -) 

IK  T)  -(  -)  ■(  -)  -(  -)  -(  -)  50(  T)  5(  T)  21(  1) 

-(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .)  -(  .) 

■(  ■)  -(  -)  -(  -)  -(  -)  ■(  -)  -(  ■)  -(  -)  5(  2) 

■(  ■)  -(  -)  •(  -)  -(  -)  -(  -)  -(  -)  •(  -)  -(  -) 

39(  2)  18(  1)  80(  T)  20(  T)  20(  T)  13(  1)  -(  ■)  47(  1) 

33(  1)  18(15)  -(  -)  -(  -)  40(  2)  -(  -)  29(  2)  IK  2) 

IK  3)  9(  2)  -(  ■)  -(  -)  20(  T)  •(  -)  14(  7)  ■(  -) 

-(  -)  ■(  ■)  -(  ■)  ■(  -)  -(  -)  -(  -)  10(  1)  IK  T) 

6(  T)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  -(  -)  IK  2) 

■(  -)  -(  ■)  ■(  ■)  ■(  -)  -(  -)  -(  -)  5(  T)  -(  -) 

.(  -)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .) 

-(  ■)  9(  T)  -(  -)  -(  -)  -(  -)  -(  -)  24(  1)  -(  -) 

-(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .) 

-(  -)  -(  -)  -(  -)  -(  -)  ■(  -)  -(  -)  -(  -)  -(  -) 

•<  ■)  -(  -)  ■(  ■)  -(  -)  -(  -)  -(  -)  -(  -)  ■(  -) 

-(  .)  .(  .)  .(  -)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .) 

17(  1)  -(  -)  -(  -)  -(  -)  20(  1)  -(  -)  14(  1)  -(  -) 

-(  .)  .(  .)  -(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .) 

■(  -)  -(  -)  -(  -)  -(  -)  40(  2)  63(  1)  48(  1)  21(  T) 

-(  -)  -(  .)  .(  .)  .(  -)  .(  .)  .(  .)  .(  .)  .(  .) 

.(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .)  .(  .)  ./  .) 


(con.) 
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APPENDIX  C— (Con.) 


I!   NO.   STANDS   IN   H.T. 


PIPO/ 
CELE 


PIPO/ 
ARPA 


15 


PIPO/ 
ARNO 


PIPO/ 
PUTR 


21 


PIPO/ 
QUGA 
SYOR 

15 


PIPO/ 
QUGA 
QUGA 

U 


PIPO/ 
SYOR 


PIPO/ 
MUMO 


TREES 

ABIES  LASIOCARPA 
ABIES  CONCOLOR 
PICEA  ENGELMANNII 
PICEA  PUNGENS 
PSEUDOTSUGA  MENZIESII 
PINUS  FLEXILIS 
PINUS  LONGAEVA 
PINUS  PONDEROSA 
POPULUS  TREMULOIDES 
PINUS  EDULIS 
JUNIPERUS  SCOPULORUM 
JUNIPERUS  OSTEOSPERMA 


F9I  SHRUBS 

I     ACER  GLABRUM 

"     AMELANCHIER  ALNI FOLIA 
ARCTOSTAPHYLOS  PATULA 
ARCTOSTAPHYLOS  UVA-URSI 
ARTEMISIA  NOVA 
ARTEMISIA  TRIDENTATA 
BERBERIS  REPENS 
CEANOTHUS  MARTINI  I 
CERCOCARPUS  LEDIFOLIUS 
CERCOCARPUS  MONTANUS 
CHRYSOTHAMNUS  PARRY  I 
CHRYSOTHAMNUS  VISCIDI FLORUS 
JUNIPERUS  COMMUNIS 
LINNAEA  BOREALIS 
LONICERA   INVOLUCRATA 
LONICERA  UTAHENSIS 
PACHISTIMA  MYRSINITES 
PHYSOCARPUS  MALVACEUS 
PRUNUS  VIRGINIANA 
PURSHIA  TRIDENTATA 
QUERCUS  GAMBELII 
RIBES  CEREUM 
RIBES  MONTIGENUM 
RIBES  VISCOSISSIMUM 
ROSA  WOODS 1 1 
SAL IX  SCOULERIANA 
SAMBUCUS  RACEMOSA 
SHEPHERDIA  CANADENSIS 
SHEPHERDIA  ROTUNDI FOLIA 
SYMPHORICARPOS  OREOPHILUS 
VACCINIUM  CAESPITOSUM 
VACCINIUM  MYRTILLUS 
XANTHOCEPHALUM  SAROTHRAE 


17 


17 


100 


33 
83 
17 


33 


50 
33 

100 


50 


17 
17 
33 
17 


17 


67 


30 


7 

7 

7 

20 


100 


80 


20 
100 


7 

7 

73 

40 

13 
33 
13 


67 
33 

13' 


7 

20 


33 


40 


) 


■) 

1) 

T)  13 
1)  25 
1)       25 


-) 
31)     100 


-) 
-) 
3) 
-) 


75 


-) 
2) 
8) 


T)      100 

T)        25 

1) 

2) 

-) 

8) 

T) 

T) 

-) 


50 
63 
25 


-) 

4) 
8) 
T) 


-) 

T) 


T) 


-) 
1) 


38 


-) 

T) 


38 


26 


■(    ■)  ■(    •)  -(    -)        17(   T 

-(    -)  -(    ■)  -(    -)        17(   T 

5(    T)  -(    -)  -(    -)  ■(    • 


•(    ■) 

14(   1) 
14(   T) 


-(    -) 

13(   1) 

-(    -) 


-(  ■) 
7(  T) 
-(    ■) 


■(    ■ 

33(   T 

-(    - 


(    ■) 


(    -) 


•(    -) 


( 


100(35)     100(47)     100(45)     100(51 

33(  8 

■(    - 

33(    1 

-(    - 


-(  ■)  13(20)  -(    -) 

14(  1)  -(    -)  7(25) 

57(  4)  27(   2)  29(   1) 

-(  -)  -(    -)  7(20) 


■(    -) 

10(    T) 

-(    -) 


-(    -) 

73(  3) 

7(    T) 


•(    -) 

50(  2) 

-(    -) 


50(   2 
■(    - 


■(    -) 


(    ■) 


■(    -) 


■( 


-(  -) 
24(12) 

48(  1) 

14(  T) 

5(  T) 

5(  1) 

19(  1) 

19(  3) 

5(  T) 


■(  ■) 

27(  5) 

80(  5) 

-(  -) 

•(  ■) 

13(  T) 

-(  -) 

13(  1) 

7(  1) 


■(  ■) 

57(  6) 

64(  5) 

7(  T) 

7(  1) 

7(  T) 

7(  T) 

7(  2) 

-(  -) 


-(  - 

17(  1 

67(  5 

-(  • 

-(  - 

-(  ■ 

-(  - 

-(  - 

•(  • 


(    -) 


•(    ■) 


(    -) 


■( 


•(    -) 

■(    -) 

(    ■) 


-(  ■) 
-(  ■) 
7(   T) 


-(  -) 
-(  -) 
■(    ■) 


-(    ■) 
■(    -) 

100(  8) 
48(  8) 
14(    1) 


-(    ■) 

7(   T) 

27(   T) 

100(35) 

7(   1) 


-(    ■) 
-(    -) 

43(   T) 

100(29) 

■(    -) 


-(  - 

■(  ■ 

50(  T 

100(  1 

-(  - 


(    -) 


■(    •) 


(    -) 


•( 


-(    -) 
5(    T) 


-(    •) 

60(   8) 


-(    -) 

21(   1) 


-(    - 

50(  T 


■(  -) 

5(  T) 

-(  -) 

5(  1) 

62(  2) 


■(  ■) 
-(  ■) 
-(  ■) 
■(    -) 

100(29) 


■(  ■) 

7(  T) 

-(  •) 

7(  3) 

71(  2) 


-(  ■ 
-(  - 
■(  ■ 
■(    ■ 

100(17 


(    -) 


(    -) 


(    -) 


•( 


-(    -) 
29(   1) 


-(    -) 
20(   1) 


-(    -) 

21(   T) 


•(    • 

50(    T 


-(    -) 

•(    -) 

■(    -) 

■(    ■) 

13(   T) 

13(    1) 

■(    -) 

100(34) 

13(   T) 

13(   7) 

38(   3) 

13(   T) 


-(  -) 

13(  T) 

13(  T) 

•(  -) 

25(  T) 
25(18) 

25(  T) 

-(  •) 

■(  -) 

-(  ■) 

25(  T) 

38(  T) 

-(  ■) 

-(  -) 

-( 

•( 

-( 

-( 

-( 


75(  T) 

50(  1) 

50(  1) 

-(  ■) 

-(  -) 

-(  -) 

•(  -) 

-(  -) 

-(  -) 

13(  2) 

75(  1) 

-(  ■) 

-(  -) 

50(  1) 

(con.) 
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APPENDIX  C— (Con.) 


NO.    STANDS    IN   H.T. 


PIPO/ 
CELE 


PIPO/ 
ARPA 


15 


PIPO/ 
ARNO 


PIPO/ 
PUTR 


21 


PIPO/ 
QUGA 
SYOR 

15 


PIPO/ 
QUGA 
QUGA 

14 


PIPO/ 
SYOR 


PIPO/ 
MUMO 


GRAMINOIDS 
AGROPYRON  SPICATUM 
BOUTELOUA  GRACILIS 
BROMUS  CARINATUS 
BROMUS  CILIATUS 
CAREX  DISPERMA 
CAREX  GEYERI 
CAREX  ROSSI  I 
ELYMUS  GLAUCUS 
FESTUCA  OVINA 
GLYCERIA  ELATA 
KOELERIA  NITIDA 
MUHLENBERGIA  MONTANA 
ORYZOPSIS  HYMENOIDES 
POA 

POA  FENDLERIANA 
POA  NERVOSA 
POA  PRATENSIS 
SITANION  HYSTRIX 
STIPA  COLUMBIANA 
ST  I  PA  COMATA 
STIPA  LETTERMANII 
TRISETUM  SPICATUM 

FORBS 

ACHILLEA  MILLEFOLIUM 
ACONITUM  COLUMBIANUM 
ACTAEA  RUBRA 
AQUILEGIA  COERULEA 
ARAB  IS  DRUMMONDII 
ARNICA  CORD  I  FOLIA 
ASTER  ENGELMANNII 
ASTRAGALUS  MISER 
BALSAMORHIZA  SAGITTATA 
DELPHINIUM  BARBEYI 
DELPHINIUM  OCCIDENTALE 
EPILOBIUM  ANGUSTI FOLIUM 
ERIGERON  PEREGRINUS 
ERIOGONUM  RACEMOSUM 
GERANIUM  RICHARDSONII 
GERANIUM  VISCOSISSIMUM 
HAPLOPAPPUS  PARRY  I 
HELENIUM  HOOPESII 
HERACLEUM  LANATUM 
HYMENOXYS  RICHARDSONII 
LATHYRUS  LANSZWERTII 
LATHYRUS  PAUCIFLORUS 
LI  GUST  I  CUM  PORTER  I 
LUPINUS  ARGENTEUS 
MERTENSIA  ARIZONICA 
MERTENSIA  CILIATA 
OSMORHIZA  CHILENSIS 
PEDICULAR  IS  RACEMOSA 
POLEMONIUM  PULCHERRIMUM 
PYROLA  SECUNDA 
SENECIO  TRIANGULARIS 
SMILACINA  STELLATA 
STREPTOPUS  AMPLEXIFOLIUS 
THALICTRUM  FENDLERI 
TRIFOLIUM  LONGIPES 
EQUISETUM  ARVENSE 


-(  ■)  13(  1)  13(  T)  19(  1)  -(  -)  ■(  •)  -(  -)  ■(  - 

17(  3)  7(  T)  63(  1)  38(  1)  20(  2)  21(  1)  -(  ■)  50(  2 

-(  -)  13(  4)  13(  T)  -(  -)  27(  1)  7(  T)  17(  T)  -(  - 

-(  -)  •(  -)  -(  -)  29(  1)  33(24)  14(  T)  -(  -)  25(  2 

33(  1)  87(  1)  38(  3)  57(  1)  73(  1)  57(  1)  83(  1)  50(  1 

-(  -)  7(  1)  13(  1)  14(  1)  -(  -)  -(  -)  -(  ■)  25(  T 

17(  1)  20(  1)  63(  1)  33(  2)  67(  2)  57(  3)  67(  1)  ■(  - 

-(  -)  13(  T)  13(  T)  43(  1)  20(  3)  21(  1)  67(  1)  50(  1 

17(  3)  53(  1)  38(  2)  38(  T)  -(  -)  7(  T)  17(  T)  63(  1 

-(  ■)  -(  -)  -(  ■)  ■(  -)  7(  T)  7(15)  17(  2)  -(  - 

17(  1)  47(  2)  38(  5)  81(  6)  93(  4)  86(  4)  100(  7)  88(  2 

33(  5)  7(  T)  -(  ■)  ■(  -)  40(20)  7(15)  -(  ■)  -(  - 

67(  3)  47(  1)  75(  1)  90(  4)  93(  4)  79(  2)  100(  6)  100(  3 

■(  ■)  -(  -)  -(  •)  ■(  ■)  27(  3)  7(  T)  -(  -)  -(  - 

33(  4)  20(  1)  25(  2)  38(  1)  33(  4)  36(  4)  33(  3)  38(  T 

17(  2)  13(  2)  -(  ■)  5(  2)  7(  T)  -(  -)  -(  -)  -(  - 

17(  T)  13(  T)  13(  T)  10(  T)  73(  1)  36(  1)  50(  2)  13(  T 

-(  -)  13(  T)  -(  -)  5(  T)  20(  T)  -(  -)  ■(  ■)  13(  T 

-(  -)  -(  -)  -(  ■)  10(  T)  -(  -)  -(  -)  -(  -)  13(  1 

-(  •)  13(  1)  -(  ■)  10(  1)  13(  T)  14(  1)  -(  ■)  -(  - 

67(  T)  53(  T)  75(  T)  81(  T)  60(  T)  86(  T)  83(  T)  75(  T 

-(  -)  -(  -)  -(  -)  ■(  ■)  -(  -)  7(  T)  -(  -)  13(  T 

•(  -)  ^(  T)  -(  -)  -(  ■)  -(  ■)  -(  -)  ■(  -)  -(  ■ 

-(  -)  ■(  ■)  -(  -)  5(  T)  -(  -)  -(  -)  ■(  -)  -(  - 

33(  T)  40(  T)  75(  1)  67(  1)  -(  -)  7(  T)  50(  T)  63(  T 

17(  T)  -(  -)  -(  ■)  5(  1)  40(  3)  21(  1)  33(  2)  -(  - 

■(  -)  ■(  -)  -(  ■)  -(  ■)  13(  3)  -(  -)  -(  -)  -(  - 

-(  ■)  ■(  ■)  -(  ■)  ■(  ■)  ■(  ■)  -(  -)  17(  1)  -(  - 

■(  -)  -(  -)  13(  T)  •(  -)  7(  1)  -(  -)  -(  ■)  -(  - 

■(  ■)  -(  ■)  -(  -)  -(  -)  7(  1)  -(  ■)  •(  -)  13(  T 

-(  -)  -(  ■)  -(  ■)  -(  -)  7(  2)  -(  -)  ■(  -)  13(  T 
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APPENDIX  D.— MEAN  BASAL  AREAS  AND  50YEAR  SITE  INDEXES  FOR 
CENTRAL  AND  SOUTHERN  UTAH  HABITAT  TYPES  AND  PHASES 


Means  are  shown  where  n 
given  where  n  =  5  or  nnore. 


4  or  nnore;  confidence  limits  (95  percent)  for  estimating  the  mean  are 


Basal  area 
(ft2/acre) 

Site  index  by  species 

Total  number 

Habitat  type,  phase 

ABLA 

ABCO 

PIEN 

PSIVIE 

PIPU            PIFL            PIPO 

of  site  trees 

ABLA/ACCO 

233  ±63 

50±10 

56  ±   3 

• 

34 

ABLA/VACA,PIEN 

182±56 

52  ±    9 

49  ±   4 

• 

31 

ABLA  /VAMY 

306  ±    ? 

• 

48  ±    ? 

• 

7 

ABLA/BERE,PIFL 

224  ±48 

• 

42  ±  9 

16 

ABLA/BERE,PIEN 

208  ±  24 

44  ±    5 

49  ±    4 

45  ±    7 

42  ±    ? 

91 

ABLA/BERE,BERE 

181  ±37 

44±11 

35  ±  4 

46  ±    7 

26 

ABLA/RIMO,MEAR 

293  ±43 

42  ±    6 

47  ±    6 

• 

34 

ABLA/RIMO,RIMO 

245  ±17 

45  ±    3 

50  ±    2 

45±12 

228 

ABLA/JUCO 

179±24 

33  ±  9 

35  ±    6 

30  ±  5 

36  ±    7 

40 

ABLA/CARO 

199  ±22 

44  ±    7 

50  ±    4 

35  ±    4 

56 

ABCO/CELE 

101±61 

30  ±    8 

32±11 

32±11 

12 

ABCO/ARPA 

122±29 

21  ±    ? 

34  ±    9 

34  ±    9 

11 

ABCO/QUGA 

128±50 

37  ±    7 

47  ±    5 

39±12 

11 

ABCO/BERE,JUCO 

189  ±36 

39±14 

40  ±    7 

46±    ? 

18 

ABCO/BERE,BERE 

196  ±24 

38  ±   6 

41  ±    4 

36±10 

40 

ABCO/SYOR 

113±25 

31  ±    ? 

29  ±    8 

30±12 

12 

PIEN/RIMO 

160±64 

38  d 

.    6 

• 

• 

20 

PIPU/JUCO 

137±32 

• 

41  ±    4 

33±12 

19 

PIPU/BERE 

168±71 

33  ±    8 

51  ±    7 

42  ±26 

14 

PIFL-PILO 

130±74 

27  ±    ? 

19d 

h    ? 

13 

PSME/CELE 

47  ±    ? 

27  ±14 

• 

4 

PSME/BERE,PIPO 

150±55 

34  ±  5 

42  ±    6 

11 

PSME/BERE,BERE 

158±36 

36  ±    4 

• 

23 

PSME/SYOR 

126±26 

36  ±    6 

40  ±    7 

19 

PIPO/CELE 

57  ±42 

42±14 

6 

PIPO/ARPA 

81±19 

32  ±    3 

25 

PIPO/ARNO 

73  ±27 

33  ±   8 

10 

PIPO/PUTR 

87  ±21 

32  ±  3 

29 

PIPO/QUGA,SYOR 

156±27 

40±   4 

25 

PIPO/QUGA,QUGA 

134±35 

37  ±    4 

27 

PIPO/SYOR 

150±29 

45  ±    9 

7 

PIPO/MUMO 

100±35 

36±   5 

12 
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APPENDIX  E.— ESTIMATED  YIELD  CAPABILITIES  FOR 
CENTRAL  AND  SOUTHERN  UTAH  HABITAT  TYPES  AND 
PHASES  BASED  UPON  SITE  INDEX,  GROWTH,  AND 
STOCKABILITY  FACTORS 


YIELD  CAPABILITY  CLASSES 


VERY       1 
LOW        ' 
20 

1                                            1 

LOW             '       MODERATE                    HIGH 
50                              85 

AB 

1      ^     |ABLA/JUCO                        1                                           1 

1 

1               ▲              lABLA/ACAL 

1 

1            A            1  ABLA/BERE.PIFL                                                 1 

I—          -l      -1 

1 

1           A           lARLA/RFRF.RPBF 
1             A              1 ARLA/VAMV 

[ 

^^A_JABLA/CAR0 

L-A_jABLA/BERE 

:,piEN 

1       A       1   ABLA/RiMn.MFAR                              1 

1 

1    A    1  ABLA/RIMO.RIMO 

1         A        1  ABLA/VACA.PIFN 

1 

1    A     Iabla/acco                   I 

f*  ^   /ADDA 

98    % 
confid«nc«   Interval 

1          A          1 

1         A        1 

uO/ ARP A 
BCO/BERE.JUCO 

m*an 

1          A 

|A 

1 

4 

Iabco/q 

JGA 
,BERE 

1 

L 

▲ 

IJABCO/BERE 

1           A 

1  PIEN/RIMO 

E.PlPO 
ME/BERE,BERE 

IGA.QUGA 
QUGA,   SYOR 

Ipipo/syor 

d 

]PSMF/BFR 

1        A        1  PS 

1 

1 
1 
1 

1  PIPO/Ql 
A            IPIPO/ 

A 

1                       1 
L-             III                1 

20 


40 


60 


80 


100 


YIELD  CAPABILITY  (FT   /ACRE/YR) 
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\PPENDIX  F.— SUBSTRATE  FEATURES  OF  CENTRAL  AND  SOUTHERN  UTAH  HABITAT 
rVPES  AND  PHASES 


Series 


Habitat  type 

Phase 

No.  of  samples 


Abies  lasiocarpa 


ACCO 

VACA 

PIEN 

17 

14 

VAMY 


BERE 

PIFL 

16 


BERE 
PIEN 

51 


BERE 

BERE 

30 


RIMO 

MEAR 

37 


RIMO 

RIMO 

128 


COARSE  FRAGMENT  TYPE  (percent  of  samples)' 


SEDIMENTARY 

Limestone,  dolomite^ 

12 

56 

38 

13 

24 

35 

Tertiary  sandstone^ 

10 

14 

10 

19 

20 

10 

Cretaceous  sandstone'' 

30 

100 

6 

18 

12 

12 

10 

Jurassic  sandstone^ 

• 

• 

2 

• 

• 

2 

Other  sandstone® 

• 

• 

• 

• 

• 

1 

METAMORPHIC 

Quartzite'' 

• 

• 

• 

• 

• 

3 

■ 

GNEOUS 

Andesite^ 

36 

100 

12 

16 

28 

24 

16 

Basaltic^ 

12 

• 

12 

16 

17 

17 

26 

Unknown 

• 

• 

• 

• 

11 

• 

• 

SUBSTRATE  CHARACTERISTICS'° 

EXPOSED  ROCK  (mean  %) 

3 

2 

4 

5 

8 

6 

5 

4 

3ARE  SOIL  (mean  %) 

1 

2 

T 

12 

7 

4 

4 

6 

No.  of  observations 

12 

4 

5 

11 

12 

18 

19 

76 

LITTER  DEPTH  (cm) 

4.0 

3.9 

29 

3.3 

3.4 

2,4 

30 

3,0 

No.  of  observations 

14 

12 

7 

13 

49 

25 

31 

119 

con. 
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APPENDIX  F.  (Con.) 


Series 


Habitat  type 

Phase 

No.  of  observations 


Abies  lasiocarpa 
CAGE       JUCO       CARD 


Abies  concolor 


25 


27 


CELE 

QUGA 

ARPA 

BERE 
JUCO 

BERE 
BERE 

SYOR 

9 

7 

12 

13 

26 

11 

SEDIMENTARY 
Limestone,  dolomite^ 
Tertiary  sandstone-^ 
Cretaceous  sandstone'' 
Jurassic  sandstone^ 
Other  sandstone^ 

METAMORPHIG 
Quartzite'' 

IGNEOUS 
Andesitic^ 
Basaltic^ 
Unknown 

EXPOSED  ROGK  (mean  %) 
BARE  SOIL  (mean  %) 

No.  of  observations 
LITTER  DEPTH  (cm) 

No.  of  observations 


100 


T 

T 

4 

3.1 

6 


COARSE  FRAGMENT  TYPE  (percent  of  samples)^ 
i  15  12  14  73 


28 

56 

4 

15 

6 
24 

2.5 
24 


11 


12 

14 

13 

30 

13 

. 

53 

30 

45 

26 

16 

28 

6 

30 

9 

12 

38 
12 


14 

14 

14 
14 


18 


19 
48 

7  .  .  . 

SUBSTRATE  CHARACTERISTICS' 


5  5 

6  8 

21  8 
3.5  2.6 

22  8 


15 


16 

4 


7 

3 

3 

8 

3 

2 

21 

7 

6 

7 

7 

11 

10 

21 

10 

4.4 

2.5 

2.3 

3.9 

2.5 

7 

11 

13 

25 

10 

Series 


Habitat  type 

Phase 

No.  of  observations 


Picea  Pinus  fiexilis- 

engelmannii       Picea  pungens       Pinus  longaeva 


RIIVIO 


20 


JUCO        BERE 


13 


12 


18 


Pseudotsuga 
menziesii 


CELE      BERE      BERE 
PIPO       BERE 
11  8  21 


SEDIMENTARY 
Limestone,  dolomite^ 
Tertiary  sandstone-^ 
Cretaceous  sandstone"* 
Jurassic  sandstone^ 
Other  sandstone^ 

METAMORPHIG 
Quartzite^ 

IGNEOUS 
Andesitic^ 
Basaltic^ 
Unknown 

EXPOSED  ROGK  (mean  %) 
BARE  SOIL  (mean  %) 

No.  of  observations 
LITTER  DEPTH  (cm) 

No.  of  observations 


95 


14 
11 
20 
2.5 

14 


COARSE  FRAGMENT  TYPE  (percent  of  samples)^ 

53  18  28  .  26 

27  28  9  . 

31  12  33  64  37 


16 


2 
9 

11 
3.0 
13 


10 

27 

6 


13 
16 


18 
9 


SUBSTRATE  CHARACTERISTICS 

4  4  7 

13  32  8 

9  14  4 

2.4  1.8  1.3 

10  14  10 


12 
25 


5 
33 
48 


5 

10 


1 

7 

6 

5 

8 

10 

2.4 

3.2 

7 

18 

(con.) 
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APPENDIX  F.  (Con.) 


Series 


Habitat  type 

Phase 

No.  of  observations 


Pseudotsuga 

menziesii 

SYOR 

19 


Pinus  ponderosa 


CELE        ARPA       ARNO        PUTR        QUGA       QUGA       SYOR       IVIUMO 

SYOR       QUGA 
6  15  8  21  15  14  6  8 


SEDIMENTARY 

Limestone,  dolomite^ 
Tertiary  sandstone^ 
Cretaceous  sandstone'* 
Jurassic  sandstone^ 
Ottier  sandstone^ 

METAIVIORPHIC 
Ouartzite'' 

IGNEOUS 
Andesitic^ 
Basaltic^ 
Unknown 

I 

EXPOSED  ROCK  (mean  %) 
BARE  SOIL  (mean  %) 

No.  of  observations 
LITTER  DEPTH  (cm) 

No.  of  observations 


11 


33 


COARSE  FRAGMENT  TYPE  (percent  of  samples)* 

53  25 

7  13 

7 
19 


67 


84 

• 

5 

• 

10 

2 

11 

4 

18 

6 

3.4 

3,9 

17 

5 

0 

33 

14 

4 

. 

. 

. 

27 

21 

4 

27 

29 

. 

7 

7 

62 


SUBSTRATE  CHARACTERISTICS 
3  2  9  1 

13  4  4  3 

15  8  21  15 

2.8  3.2  3.2  5.5 

15  8  21  15 


7 
22 


5 

4 
14 

4.3 
14 


50 


50 


2 
6 

4.6 
6 


12 


25 

63 


4.9 
6 


'Based  upon  geology  maps. 

^Includes  undifferentiated  limestone  and  sandstones,  and  Flagstaff  and  Wasatch  Formations  of  Tertiary  Period,  Cenozoic  Era. 

^Includes  Duchesne  River,  Green  River  member  of  Parachute,  Uinta,  and  North  Horn  Formations  of  Tertiary  Period,  Cenozoic  Era. 

^Includes  Black  Haw/k  Group,  Kaiparow/its,  Straight  Cliffs,  Star  Point,  Price  River,  and  Dakota  member  of  Burrow  Canyon  Formations  of 
Cretaceous  Period,  Mesozoic  Era. 

^Includes  Morrison,  Entrata,  and  Navajo  Formations  of  Jurassic  Period,  Mesozoic  Era. 

^Includes  Moss  Back  member  of  Chinle  and  Hoskinnini  member  of  Moenkopi  Formations  of  Triassic  Period,  Mesozoic  Era;  Weber  and 
Morgan  Formations  of  Paleozoic  Era;  and  Mancos  Formation  of  Cretaceous  Period. 

^Includes  Tintic  Formation  and  Prospect  member  of  Pioche  Formation  of  Cambrian  Period.  Paleozoic  Era. 

^Includes  intrusive  granitoids  and  porphyrites,  andesitic  pyroclastics,  latite  flows,  latitic  ignimbrites,  and  tuffs  of  Tertiary  Period, 
Cenozoic  Era. 

'includes  basalt,  basaltic,  and  andesitic  flows,  breccia,  and  basaltic  pyroclastics  of  Quaternary  and  Tertiary  Periods,  Cenozoic  Era. 

*°T  =  trace. 
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APPENDIX  G. -GENERALIZED  SURFACE  TEXTURAL  RELATIONSHIPS 
FOR  CENTRAL  AND  SOUTHERN  UTAH  HABITAT  TYPES  AND  PHASES 


HABITAT  TYPE, 
PHASE 


PIPO/ARPA 

PIPO/QUGA.QUGA 

ABLA/CARO 

ABLA/RIMO.RIMO 

ABCO/SYOR 


TEXTURAL  CLASS 


SAND 
COARSE  -* 


SANDY 
LOAM 


LOAM 


SILT 
LOAM 


CLAY 
LOAM 

■*-    FINE 


PIPU/JUCO 

PSME/SYOR 

ABLA/JUCO 

PIPO/PUTR 

ABCO/ARPA 


PIPO/QUGA.SYOR 

ABLA/BERE.PIEN 

ABLA/BERE,BERE 

PIPO/MUMO 

PIPO/ARNO 

PIEN/RIMO 

PSME/BERE.PIPO 

ABCO/BERE.BERE 

ABCO/BERE.JUCO 

PIPU/BERE 


\ 


ABLA/RIMO.MEAR 

ABLA/BERE.PIFL 

ABLA/ACCO 


HEIGHT  OF  BAR  INDICATES 
RELATIVE  IMPORTANCE  OF  TEXTURAL  CLASS 


E 


80 

40 
O 
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APPENDIX  H.— CLIMATIC  FACTORS  FOR  WEATHER  STATIONS  WITHIN  SELECTED 
HABITAT  TYPES  IN  CENTRAL  AND  SOUTHERN  UTAH 

A.  Station  location 

B.  Elevation  (m) 

C.  Mean  annual  temperature  (°C) 

D.  Mean  annual  precipitation  (mm) 

E.  Habitat  type  for  or  adjacent  to  station 

F.  Pattern  of  mean  monthly  precipitation  (mm) 

G.  Pattern  of  mean  monthly  temperature  (°C) 

H.  Pattern  of  mean  monthly  maximim  temperature  (°C) 
I.  Pattern  of  mean  monthly  minimum  temperature  (°C) 
J.  Source  of  data  and  length  of  record 


A 

\ 
SEELY  CR  GS,     STRAIGHT  CANYON 
B-—  3017  m 

C— -1.1°    876  mm-— -D 
ABLA/RIMO-RIMO 


MM, PPT 


JFMAMJJASOND 


ON   FILE,   MANTI-LASAL   NF,    12    YRS 


EPHRAIM  CANYON 
3078  m 


0.3°,  714  mm 

ABLA/RIMO-RIMO 

30 
20 
10 

•"  /     \ 

0 

" ,./■  ,-,    \  " 

10 

20 

•                                                        • 
•                                                             * 

•                                                                                • 

30 

•  *                                                            *  # ••• 

_    •  •  * 

1    1    1    1    1    1    1    1    1    1   1    1 

100 
80 
60 
40 


MM, PPT 


J     FMAMJJASOND 


PRICE    &    EVENS    (1937),    20    YRS 


(con.) 
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APPENDIX  H.  (Con.) 


BLOWHARD  MTN  RADAR 

3260  m 

o 
1.2  ,  796  mm 

ABLA/RIMO,   PIEN/RIMO 


30 

20 

10 

0 

-10 


-l120 

100 

80 

60 

40 

20 

0 


MM, PPT 


J I I I      I      I I l_l I I L 

J      FMAMJJASOND 

NOAA,  PROJECTED  BY  RICHARDSON,  20  YRS 


BLOWHARD  MTN  SITE  B 

3084  m 

o 
1.9    ,   897   mm 

ABLA/RIMO-MEAR 


MM,   PPT 


ELECTRIC  LAKE 

2545  m 

o 
2.7    ,  518  mm 

ABLA/BERE-PIEN 


30 
20 


°C     ^° 


0 
■10 
•20  1- 


, 

- 

_    f\)- 

V_^/ 

\./ 

/\> 

^>v  7^ 

/ 

-    y  / 

_  -^ 

• 

•  •  •  * 

• 

• 

•• 

1 1  1 1  1  1 

1    1    1    1    1  1 

80 
60 
40 
20 


MM.PP- 


-  0 


J     FMAMJ     JASOND 


ON    FILE,   MANTI-LASAL   NF,   7    YRS 


SCOFIELD 
2353  m 

o 
3.9    ,515   mm 

ABCO/BERE-BERE 


MM, PI 


J  FMAMJJASOND 


NCAA,   30    YRS 


J     FMAMJJASOND 


(cor 


PROJECTED    BY    RICHARDSON 
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M 


<VPPENDIX  H.  (Con.) 


,ppi 


CENTRAL  WEATHER, 
STRAIGHT  CANYON 
2712  m 


4.1     ,   440 

mm 

ABCO/BERE- 

BERE 

30 

- 

V 

20 

/^ 

N //-\ 

:y\/- 

c 

10 

"  N. 

0 
-10 
-20 

/ 

• 
• 

_LJ 

• 
• 

• 

L  L     1     i     1     1    1 

1  1  1  1 

60 
40 

20  MM,   PPT 
0 


J  FMAMJJASOND 

ON    FILE,    MANTI-LASAL   NF,    12    YRS 

BLOWHARD  MTN  SITE  A 
2682  m 

o 
4.3    ,1019  mm 

ABCO/BERE-BERE 


MM,   PPT 


BRYCE  CANYON  NP  HDQ. 
2412  m 


4.6    ,   381    mm 

PIPO/PUTR 

30 

^^.^_^ 

20 

/  /V 

•— ""X/        y'/       N'N 

10 

^'  y  y       -N  \ 

0 

yy             -N   - 

10 

1 1 1— l—J—J— I...L.L-L-  1     1 

60 

40 

20      MM,   PPT 

0 


J     FMAMJJASOND 

NOAA,  30   YRS 

ORANGE  OLSEN  GS, 

STRAIGHT  CANYON 

2207  m 

o 
4.9    ,   355  mm 

PIPO/MUMO 


30 

/ \. 

20 

10 

y^ /  '\  \ 

0 

/  .*       •♦.   \   - 

10 

, *. 

1     1     1     1     1     1     1     1     1    1     1    1 

60 
40 
20 


MM,   PPT 


J     FMAMJJASOND 


ON   FILE,   MANTI-LASAL   NF,    12    YRS 


(con.) 


PROJECTED   BY   RICHARDSON 
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APPENDIX  H.  (Con.) 


HIAWATHA 
1859  m 

o 
7.5    ,   343  mm 

below  PSME/BERE-BERE 


MONTICELLO 
2079  m 


8.0    ,  366  mm 

below  PIPO/QUGA-QUGA 

30 

-          /^         - 

20 

X         .*  ^/  /  .      ^     V^ 

°C     10 

//\l''    ''•.    \\    " 

^'     /      /                          ''.     \N 

0 

• 

-10 

1 1        1        1       1        1       1 

60 

40 

20    MM,   PP 

0 


JFMAMJJASOND 


J  FMAMJJASOND 


NOAA,  30  YRS 


NOAA,  30  YRS 


APPENDIX  I.— CENTRAL  AND  SOUTHERN  UTAH  CONIFEROUS  FOREST 
HABITAT  TYPE  FIELD  FORM 


NAME 


Date 


Topography: 

Horizontal 

Configuration 

1-  Ridge 

1-  Convex 

2-  Upper  slope 

2-  Straight 

3-  Mid-slope 

3-  Concave 

4-  Lower  slope 

4-  Undulating 

5-  Bench  or  flat 

Plot  Number 


Location 


T.R.S. 


Elevation 


Aspect 


Slope 


6-  Stream  bottom 


Topography 


Configuration 


SCIENTIFIC  NAME 


ABBREV 


COMMON  NAME 


CANOPY  COV  (%) 


TREES 


Abies  concolor 
Abies  lasiocarpa 
Picea  engelmannii 
Picea  pungens 
Pin  us  flexilis 
Pin  us  longaeva 
Pin  us  ponderosa 
Pseudotsuga  menziesii 


ABCO 

white  fir 

ABLA 

subalpine  fir 

PIEN 

Engelmann  spruce 

PIPU 

blue  spruce 

PIFL 

limber  pine 

PILO 

bristlecone  pine 

PIPO 

ponderosa  pine 

PSME 

Douglas-fir 

SHRUBS 


Acer  glabrum  ACGL 

Arctostapliylos  patula  ARPA 

Arctostaptiylos  uva-ursi  ARUV 

Artemisia  arbuscula  ARAR 

Artemisia  nova  ARNO 

Berberis  repens  BERE 

Ceanothus  martinii  CEMA 

Cercocarpus  ledifolius  CELE 

Cercocarpus  montanus  CEMO 

Juniperus  communis  JUCO 

Pachistima  myrsinites  PAMY 

Physocarpus  malvaceus  PHMA 

Purshia  tridentata  PUTR 

Quercus  gambelii  QUGA 

Ribes  montigenum  RIMO 

Sheptierdia  rotundi flora  SHRO 
Symphoricarpos  oreophilus    SYOR 

Vaccinium  caespitosum  VACA 

Vaccinium  globulare  VAGL 

Vaccinium  myrtillus  VAMY 


GRAMINOIDS 


Bouteloua  gracilis  BOGR 

Carex  disperma  CADI 

Carex  geyerl  CAGE 

Carex  rossil  CARO 

Giyceria  elata  GLEL 

Mutilenbergia  montana  MUMO 

Oryzopsis  hymenoldes  ORHY 


FORBS 


Aconitum  columblanum  ACCO 

Actaea  rubra  ACRU 

Equisetum  arvense  EOAR 

Geranium  richardsonii  GERI 

Mertensia  arizonica  MEAR 

Mertensia  ell  I  at  a  MECI 

Polemonlum  pulcherrlum  POPU 

Senecio  triangularis  SETR 

Trifolium  longlpes  TRLO 


mountain  maple 

greenleaf  manzanita 

bearberry 

low  sagebrush 

black  sagebrush 

Oregon  grape 

Martin  ceanothus 

curlleaf  mountain-mahogany 

mountain-mahogany 

common  juniper 

myrtle  pachistima 

ninebark 

bitterbrush 

Gambel  oak 

mountain  gooseberry 

roundleaf  buffaloberry 

mountain  snowberry 

dwarf  huckleberry 

blue  huckleberry 

myrtle  whortleberry 


blue  grama 
soft-leaved  sedge 
elk  sedge 
Ross  sedge 
tall  mannagrass 
mountain  muhly 
Indian  ricegrass 


monkshood 
baneberry 
common  horsetail 
Richardson  geranium 
Arizonica  bluebells 
mountain  bluebells 
skunkleaf  polemonium 
arrowleaf  groundsel 
longstalk  clover 


Series 

Habitat  Type. 
Phase 
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A  land-classification  system  based  upon  potential  natural  vegetation  is 
presented  for  the  coniferous  forests  of  central  and  southern  Utah.  It  is  based  on 
reconnaissance  sampling  of  about  720  stands.  A  hierarchical  taxonomic  classifi- 
cation of  forest  sites  was  developed  using  the  habitat  type  concept.  Seven 
climax  series,  37  habitat  types,  and  six  additional  phases  of  habitat  types  are 
defined  and  described.  A  diagnostic  key,  using  conspicuous  indicator  species, 
provides  for  field  identification  of  the  types. 
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The  Intermountain  Research  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  Forest  Service  Research  stations  charged  with 
providing  scientific  knowledge  to  help  resource  managers  meet  human 
needs  and  protect  forest  and  range  ecosystems. 

The  Intermountain  Station's  primary  area  includes  Montana,  Idaho, 
Utah,  Nevada,  and  western  Wyoming.  About  231  million  acres,  or  85 
percent,  of  the  land  area  in  the  Station  territory  are  classified  as 
forest  and  rangeland.  These  lands  include  grasslands,  deserts, 
shrublands,  alpine  areas,  and  well-stocked  forests.  They  supply  fiber 
for  forest  industries;  minerals  for  energy  and  industrial  development; 
and  water  for  domestic  and  industrial  consumption.  They  also  provide 
recreation  opportunities  for  millions  of  visitors  each  year. 

Several  Station  research  units  work  in  additional  western  States,  or 
have  missions  that  are  national  in  scope. 

Field  programs  and  research  work  units  of  the  Station  are  maintain- 
ed in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 

University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University  of 
Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 

Ogden,  Utah 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 

Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 


United  States 
Department  of 
Agriculture 

Forest  Service 

Intermountain 
Research  Station 
Ogden,  UT  84401 

General  Technical 
Report  INT- 188 

September  1985 


Mountain  Pine  Beetle 
Dynamics  in  Lodgepole 
Pine  Forests 
Part  III:  Sampling 
and  Modeling  of 
Mountain  Pine  Beetle 
Populations 


Walter  E.  Cole 
Gene  D.  Amman 
Chester  E.  Jensen 


A!_>.w„ 


■'  "■HI 


THE  AUTHORS 


RESEARCH  SUMMARY 


WALTER  E.  COLE  (retired)  is  former  project  leader  of 
the  Population  Dynamics  of  the  Mountain  Pine  Beetle 
research  work  unit  in  Ogden,  UT.  This  unit,  started  in 
I960  under  his  direction,  conducted  the  early  research 
groundwork  on  the  mountain  pine  beetle.  Prior  to  this 
assignment,  he  did  population  dynamics  research, 
control,  and  survey  work  on  the  spruce  budworm  and 
pine  butterfly  in  southern  Idaho.  He  did  biological  re- 
search and  survey  data  collection  on  the  spruce  bark 
beetle  in  Fort  Collins,  CO.  He  began  his  career  with 
Forest  Insect  Investigations,  Bureau  of  Entomology 
and  Plant  Quarantine,  as  supervisory  control  and  sur- 
vey aid  in  Berkeley,  CA. 

GENE  D.  AMMAN  is  project  leader  of  the  Population 
Dynamics  of  the  Mountain  Pine  Beetle  research  work 
unit  in  Ogden,  UT.  He  joined  the  work  unit  in  1966. 
Prior  to  joining  the  Intermountain  Station,  he  was 
research  entomologist  with  the  Southeastern  Forest 
Experiment  Station  in  Asheville,  NC,  doing  biological 
control  and  ecological  research  on  the  balsam  woolly 
aphid.  He  began  his  career  with  the  Rocky  Mountain 
Forest  and  Range  Experiment  Station  in  Fort  Collins, 
CO,  as  research  assistant  on  sampling  populations 
and  mortality  factors  of  mountain  pine  beetle  and 
spruce  bark  beetle. 

CHESTER  E.  JENSEN  (retired)  served  as  principal 
statistician  for  the  Intermountain  Forest  and  Range 
Experiment  Station  from  1967  to  1980.  He  held  the 
same  position  at  the  Northeastern  and  Central  States 
Forest  Experiment  Stations  prior  to  coming  to  the 
Intermountain  Station. 

ACKNOWLEDGMENTS 

With  this  final  part  of  the  three-part  monograph  on 
the  mountain  pine  beetle,  we  would  be  remiss  if  we 
did  not  acknowledge  the  sustained  effort  and  contribu- 
tions of  Lynn  A.  Rasmussen,  biological  technician  for 
our  research  work  unit.  Lynn  began  work  with  the  unit 
in  1965  and  has  been  an  integral,  indispensable  part  of 
all  aspects  of  our  mission.  His  contributions  not  only 
include  well-organized  field  scheduling  and  supervision 
of  temporary  crews,  but  also  original  ideas  for  re- 
search. In  addition,  he  has  demonstrated  research 
ability  on  his  own  in  the  field  and  laboratory. 


Much  of  this  work  is  original  research  by  the 
authors.  However,  published  literature  on  sampling 
and  modeling  of  mountain  pine  beetle  populations  is 
reviewed  primarily  for  epidemic  beetle  populations  in 
lodgepole  pine  forests.  Sampling  methods  are  availa- 
ble for  within-tree  populations  of  beetles,  for  ground 
surveys  of  tree  losses  in  stands,  and  for  aerial  survey, 
to  estimate  tree  losses  over  large  areas.  Models  are 
presented  for  beetle  survival,  beetle  dispersion,  beetle 
aggregation,  lodgepole  pine  stand-beetle  interactions, 
and  rate  of  tree  loss  to  improve  existing  risk-rating 
models. 
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COVER  PHOTO:   Lodgepole  pine  trees  killed  by  mountain  pine  beetles  on  the 
Targhee  National  Forest  in  southeastern  Idaho.   INSERT:   Lodgepole  pine 
felled  and  sannpled  for  mountain  pine  beetles. 
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he  mountain  pine  beetle,  Dendroctonus  ponderosae 
H  )kins,  is  a  native  bark  beetle  whose  depredations 
Cc'se  various  effects  upon  the  lodgepole  pine,  Pinus 
cctorta  Dougl.  ex  Loud.  var.  latifolia  Engelm.,  ecosys- 
te'.  Historically,  the  beetle  kills  nnillions  of  trees  each 
y(  r  in  the  United  States  and  Canada.  During  epi- 
di'nics,  a  single  National  Forest  may  lose  in  excess  of 
a'lillion  trees  in  a  single  year;  for  example,  3.6  million 
Ic'gepole  pines  were  killed  on  the  Targhee  National 
F  est,  ID,  in  1976  (Klein  and  others  1978).  The  moun- 
tci  pine  beetle  has  killed  an  estimated  average  of  2 
biion  bd  ft  per  year  since  1895  (Wood  1963).  In  1970, 
v(jme  loss  of  growing  stock  to  all  mortality  causes 
tcaled  some  613  million  ft^  (17.4  million  m^)  within  the 
R;ky  Mountain  States;  this  is  equivalent  to  nearly  75 
picent  of  the  volume  of  roundwood  produced.  In  the 
sne  year,  sawtimber  volume  losses  were  208  million 
ft;5.9  million  m^),  equivalent  to  nearly  50  percent  of 
tf  volume  of  roundwood  products  from  sawtimber 
(Ceen  and  Setzer  1974).  The  mountain  pine  beetle  in 
Icgepole  and  ponderosa  pines  accounted  for  about 
4. 3  million  ft^  (13.4  million  m^)  or  77  percent  of  this 
vcjme  loss.  Similar  losses  could  be  expected  in  the 
\Ast  Coast  States.  In  western  Canada,  losses  of 
Icgepole  pine  to  the  mountain  pine  beetle  were  esti- 
trted  to  be  1.3  million  ft^  (36  900  m^)  per  year  be- 
tvien  1950  and  1970  (Safranyik  and  others  1974).  This 
iDact  places  the  mountain  pine  beetle  as  the  prime 
ir9ct  agent  affecting  the  lodgepole  pine  ecosystem. 
T;  effects  of  beetle  infestations  change  the  entire 
Icgepole  pine  environment  and,  depending  on  subse- 
qi;nt  occurrence  or  exclusion  of  fire,  largely  deter- 
me  the  nature  of  successional  dynamics— enhancing 
Icgepole  pine  renewal  in  the  case  of  fire,  or  succes- 
s  n  of  more  shade-tolerant  species  in  the  absence  of 
fi. 

ree  mortality  in  pine  stands  can  occur  as  scattered 
irividual  trees,  but  more  often  trees  are  killed  in 
g  ups.  Unchecked,  these  groups  expand  with  suc- 
C'iding  beetle  generations,  and  eventually  large  areas 
rry  suffer  extreme  losses  of  their  forest  cover.  This 
rry  or  may  not  be  catastrophic,  depending  on  land- 
oner  objectives.  Some  landowners,  for  example,  favor 
g  ssland  over  timberland  and  a  bark  beetle  outbreak 
(Ty  be  beneficial  to  them.  On  the  other  hand,  the 


value  of  a  mountain  home  may  be  severely  reduced  by 
the  death  of  high-value  shade  trees,  and  the  owner 
may  view  this  loss  as  highly  undesirable.  From  the 
timber-producer  standpoint,  the  beetle  can  disrupt 
management  plans  and  cause  an  unwelcomed  impact 
on  local,  regional,  and  national  economies. 

This  treatise  represents  much  original  research  by 
the  authors,  but  it  also  is  a  review  of  other  published 
literature  about  the  mountain  pine  beetle,  with  particu- 
lar reference  to  epidemic  infestations.  Much  research 
remains  to  be  done  in  testing  and  applying  manage- 
ment strategies  indicated  by  this  research.  In  addition, 
the  dynamics  of  mountain  pine  beetle  populations  dur- 
ing endemic  periods  are  in  need  of  study.  During 
periods  of  low  beetle  activity,  we  believe  significant 
"keys"  exist  that  will  permit  more  effective  manage- 
ment of  stands  to  prevent  increases  in  beetle 
populations. 

Our  research  approach  first  addressed  the  recogni- 
tion and  determination  of  relationships  between  the  in- 
sect and  its  associated  environmental  factors.  These 
relationships,  based  on  biological  functions,  were 
studied  to  determine  their  biological  effect  upon  the 
insect.  Second,  quantification  of  these  relationships 
was  based  upon  measurement  units  relative  to  beetle 
behavior.  The  host  variable  was  considered  as  an  in- 
tegral unit  within  the  ecosystem. 

Our  intent  is  to  lead  readers  through  this  maze  of 
interactive  relationships  to  the  extent  of  their  interest 
and  existing  knowledge.  With  this  in  mind,  we  have 
prepared  three  publications,  the  last  of  which  is  this 
current  one: 

Part  I.     Course  of  Infestation— including  beetle  impact 
on  the  lodgepole  pine  stand,  how  the  beetle 
"moves  through"  the  stand,  expected  timber 
mortality,  and  management  alternatives. 
Part  II.    Mountain  Pine  Beetle  Population  Dynamics- 
including  bionomics,  analyses  of  mortality  fac- 
tors, entomological  relationships,  and  the 
"inner  workings"  of  a  mountain  pine  beetle 
population. 
Part  III.  Sampling  and  Modeling  of  Mountain  Pine 
Beetle  Populations— including  methods  of 
sampling  and  modeling  both  lodgepole  pine 
and  mountain  pine  beetle  populations. 
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Sampling— the  foundation  of  any  mensurational  aspect 
population  ecology— is  basic  to  subsequent  steps  in 
aluating  actions  and  interactions  of  individual  factors, 
Bups  of  factors  affecting  population  behavior,  and  sub- 
5uent  model  building.  Sampling  schemes  and  sample 
its  should  be  based  on  the  behavior  of  the  insect  and 
ed  as  mensurational  and  anidytical  tools  to  provide  ae- 
rate and  realistic  insight  into  populations  of  insects, 
ich  "behavioral  sampling  units"  must  have  biological 
iativity  to  the  insect-environment  association  and,  in 
rticular,  to  the  life  processes  of  the  insect  (Cole  1967). 
The  use  of  area  samples  alone  may  have  little  biologi- 
1  meaning  in  reference  to  a  particular  insect.  The  num- 
r  of  bark  beetles  per  unit  area  merely  indicates  the 
nsity  of  the  insect  population,  which,  although  desira- 
e  in  many  cases,  may  only  reflect  convenience  to  the 
mpler.  Expressing  a  population  with  respect  to  an  area 
lat  is,  as  absolute  density)  neither  describes  the  differ- 
g  biological  implications  of  individuals  living  in  an  as- 
iciation  nor  the  insect-host  biological  relationship, 
perefore,  the  principal  objective  of  any  sampling  proce- 
!are  is  to  secure  a  sample  that,  subject  to  physical  limi- 
tion,  will  reproduce  the  characteristics  of  that  popula- 
'on  as  closely  as  possible. 

Our  approach  to  studying  the  dynamics  of  mountain 
ne  beetle  populations  involved  two  main  sEimpling 
•Qcedures:  (1)  the  sampling  of  stands  to  determine  the 
laracteristics  of  trees  and  stands  infested  by  mountain 
ne  beetles,  and  (2)  the  sampling  of  beetle  populations 
ithin  trees  to  determine  factors  affecting  natality  and 
ortality  and  for  predicting  population  trends. 
A  distinction  is  made  here  between  sampling  for  popu- 
tion  dynamics  research  purposes  and  sampling  for 
end  prediction  in  surveys.  The  requirements  for  the 
vo  are  substantially  different.  The  first  attempts  to  de- 
ne the  real  causes  of  population  fluctuations;  the  latter 
more  directly  involved  in  applied  forest  entomology, 
(owever,  once  the  causes  of  population  fluctuations  are 
etermined,  then  reliable  sampling  schemes  for  trend 
redictions  can  be  readily  developed. 

Jampling  Stands 

Sampling  stands  can  be  done  by  ground  surveys  where 
mited  area  is  involved  and  detailed  measurements  of 
'ees  are  needed,  or  by  aerial  surveys  where  large  areas 
re  involved  and  less  detailed  tree  informatioa  is 
squired. 


Ground  surveys.— Most  sampling  of  mountain  pine 
beetle-infested  trees  has  been  directed  toward  estimating 
the  incidence  of  attacked  trees.  The  primary  use  of 
results  was  for  planning  control  operations.  Survey 
methods  were  usually  the  "line-strip"  or  "strip-plot" 
methods.  Knight  (1958)  compared  three  plot  sizes  and 
two  strip  widths  for  estimating  mountain  pine  beetle- 
infested  trees  in  ponderosa  pine  stands.  These  were: 

—0.1 -acre  (0.04-ha)  plots  at  2-chain  (40-m)  intervals 
along  parallel  cruise  lines. 

— 0.2-acre  (0.08-ha)  plots  at  2.5-chain  (50-m)  intervals 
along  parallel  cruise  lines. 

— 0.25-acre  (0.10-ha)  plots  at  2.5-chain  (50-m)  intervals 
along  parallel  cruise  lines. 

— Parallel  cruise  lines  of  0.5-chain  (10-m)  width. 

— Parallel  cruise  lines  of  l-cheiin  (20-m)  width. 

Knight  (1958)  concluded  that  the  five  methods  gave 
approximately  equal  results  when  the  same  number  of 
cruise  lines  were  used.  He  stated  that  although  no 
method  was  superior,  results  favor  the  0.5-chain  strip 
method.  It  and  the  0.1 -acre  plot  method  will  be  con- 
ducted faster  than  the  other  methods,  but  the  0.5-chain 
strip  method  was  selected  because  inexperienced  person- 
nel could  be  trained  more  quickly  to  obtain  accurate 
results.  Sampling  errors  for  all  methods  were  influenced 
by  acreage,  survey  coverage,  and  number  of  trees 
infested. 

Parker  (1972)  tested  the  0.1-acre  fixed  plot,  0.5-acre 
(0.20-ha)  strip  plot,  and  two  variable  plot  sizes  of  5  basal 
area  factor  (BAF)  and  10  BAF  to  determine  which  gave 
the  best  estimate  of  lodgepole  pine  losses  to  mountain 
pine  beetles.  These  were  compared  to  a  tally  of  all  in- 
fested trees  within  the  study  area.  Parker  found  no  ap- 
preciable differences  among  these  methods  in  estimating 
numbers  of  trees  killed  per  acre  by  mountain  pine  bee- 
tles. Losses  estimated  from  the  0.5-acre  strip  plot 
method  correlated  closer  with  the  tally  of  all  infested 
trees,  but  more  time  was  required  for  plot 
measurements. 

Initially,  we  (Cole  and  Amman  1969)  settled  on  line- 
plot  sampling  using  0.1-acre  fixed  radius  plots.  Plots 
were  located  equidistant  on  parallel  lines  throughout  the 
area  of  interest.  The  0.1-acre  plots  were  thus  in  a  grid 
pattern.  The  fixed  radius  plots  were  selected  because 
more  small  diameter,  infested  trees  would  be  measured 
than  with  variable  plot  cruising.  We  were  especially  in- 
terested in  the  small  diameter  trees  because  mountain 


pine  beetle  epidemics  rarely,  if  ever,  start  in  stands  con- 
sisting of  small  diameter  trees.  We  were  interested  in 
knowing: 

1.  Types  of  trees  the  mountain  pine  beetle  kills. 

2.  Beetle  production  in  different  types  of  trees. 

3.  Tree  characteristics  associated  with  high  brood 
production. 

Initially,  20  plots  of  0.1  acre  (0.04  ha)  fixed-diameter 
were  systematically  located  in  a  grid  pattern  within  a 
2-mile  (3.2-km)  square  unit  (Cole  and  Amman  1969).  We 
initially  chose  the  large  area  because  we  wanted  to  sam- 
ple beetle  losses  over  the  full  range  of  stand  conditions 
one  might  encounter  in  lodgepole  pine  stands.  From  this 
information  we  could  explore  tree  losses  in  relation  to 
elevation,  stand  density,  and  stand  structure.  Beetle 
production  could  be  measured  on  each  infested  tree  and 
related  to  the  above  factors,  as  well  as  to  individual  tree 
characteristics. 

All  trees  within  the  sample  plot  were  recorded  by  (1) 
diameter  at  breast  height,  (2)  total  height,  (3)  crown 
class,  (4)  living  or  dead,  (5)  year  of  death,  and  (6)  cause 
of  death.  Year  of  death,  if  there  was  a  need  to  postdate 
death,  was  estimated  by  foliage,  twig,  and  other  charac- 
teristics: (1)  foliage  green,  fresh  boring  frass,  larvae  or 
eggs  present— killed  in  current  year;  (2)  foliage  bright 
orange  to  straw  color— killed  in  previous  year;  (3)  foliage 
dull  orange  and  most  retained— killed  in  second  year 
past;  (4)  fohage  dull  orange  to  gray  and  most  lost— killed 
in  third  year  past;  (5)  no  foliage,  most  small  twigs  sup- 
porting needle  fascicles  lost— killed  in  fourth  year  past; 
(6)  many  larger  twigs  lost,  bark  peeling— killed  in  fifth 
year  past  or  before.  Parker  (1973)  said  he  could  not  ac- 
curately determine  year  of  death  for  trees  that  died  more 
than  1  year  previously.  However,  the  close  resemblance 
of  curves  showing  loss  by  year  of  death  by  Cole  and 
Amman  (1969)  and  information  in  Gibson  (1943)  suggest 
that  the  criteria  used  by  Cole  and  Amman  for  dating 
year  of  tree  death  are  reasonably  accurate. 

Estimates  of  the  average  diameter  of  trees  killed  by 
the  beetle  per  year  gave  coefficients  of  variation  that 
were  usually  less  than  10  percent. 

As  scientists  have  gained  knowledge  about  the  moun- 
tain pine  beetle,  estimates  have  been  improved  by 
stratifying  according  to  various  factors  that  influenced 
tree  losses— for  example,  elevation  (Amman  and  Baker 
1972)  and  habitat  type  (Roe  and  Amman  1970; 
McGregor  1978;  Cole  and  McGregor  1983).  The  proce- 
dure for  estimating  lodgepole  pine  losses  to  mountain 
pine  beetles  in  Forest  Service  Northern  Region  is  to  use 
ten  10-BAF  plots  located  in  a  grid  pattern  within  a  habi- 
tat type  (McGregor,  personal  communication,  April 
1982).  However,  once  again,  a  reminder  that  the  aims  of 
survey  and  research  purposes  are  different  and,  conse- 
quently, may  dictate  different  sampling  schemes. 

Aerial  surveys.— Ground  surveys  for  estimating  tree 
mortality  and  trends  in  mountain  pine  beetle  infestations 
proved  quite  acceptable  for  small  areas  or  single  stands. 
However,  the  areas  sampled  usually  represent  a  small 
portion  of  the  total  acreage  infested  during  a  beetle  out- 
break. For  large  areas,  large-scale  color  aerial  photogra- 
phy using  70  mm  or  larger  format  has  proved  quite  effi- 


cient for  detecting  beetle-infested  or  killed  timber  (Wea 
and  others  1966). 

Color  and  black  and  white  films  were  tested  at  two 
scales  (1:7,920  and  1:15,840)  to  detect  ponderosa  pine 
killed  by  mountain  pine  beetle  in  the  Black  Hills  (Helle 
and  others  1959).  There  was  no  significant  difference 
among  estimates  by  observer,  but  a  highly  significant 
difference  between  films.  Panchromatic  film  gave  poor 
results,  whereas  Ektachrome  yielded  excellent  results. 
Using  color  film,  experienced  interpreters  obtained  esti 
mates  within  a  5  percent  error. 

Estimating  dead  trees  more  than  1  year  old  from  tru 
color  aerial  photos  at  scales  of  1:1,600  and  1:2,400 
presents  some  serious  problems.  For  example,  a  high 
percentage  of  trees  are  missed  and  others  are  incorrect 
identified  (Hamilton  1981). 

A  color  stereophotographic  procedure  using  a  35-min 
camera  from  light  aircraft  to  quantify  mountain  pine 
beetle-killed  lodgepole  pine  was  developed  (Klein  1973) 
Mortality  estimates  from  photos  were  highly  correlated 
with  ground  counts  (r-  =  0.90),  and  the  highest  correla^ 
tion  was  new  faders  (r^  =  0.94).  Photo  counts  usually 
were  less  than  ground  counts,  but  these  errors  of  omis 
sion  were  attributed  to  small  dead  trees  in  the  under- 
story  that  were  not  visible  to  the  camera.  The  effective 
ness  of  aerial  measurement  technique,  applied  in  the 
framework  of  double  sampling  designs,  can  aid  tremeii' 
dously  in  estimating  total  tree  loss  within  large  managi 
ment  units.  This  method  was  further  refined  with  high 
altitude,  panoramic  photography  using  KA-80A  optical 
bar  photography  as  an  alternative  to  frame  photogra- 
phy. The  panoramic  color  IR  aerial  photography 
provided  the  data  base  for  a  multistage  survey  using 
probability  proportional  to  size  (PPS)  at  three  levels  to 
estimate  numbers  of  trees  and  volume  killed.  Standard 
errors  using  this  method  were  10.3  percent  for  number 
of  trees  killed  and  13.6  percent  for  volume  estimates 
These  errors  were  judged  quite  acceptable  (Klein  1982)| 
The  greatest  handicap  of  aerial  methods  is  that  trees  ii 
fested  the  year  before  are  counted;  thus,  data  obtained 
are  almost  1  year  old.  Consequently,  time  is  limited  to 
make  and  implement  management  decisions  before  bee 
ties  emerge  to  infest  green  trees. 

Sampling  Beetle  Populations 

SampUng  mountain  pine  beetle  populations  is  accom- 
plished primarily  using  the  destructive  sampling  methc 
of  bark  removal  without  replacement,  but  may  also  be 
done  by  indirect  methods  such  as  radiography.  Samplir 
yields  insights  into  causes  of  beetle  mortality  and  trenc 
in  population  change. 

Bark  removal  method.— Samphng  mountain  pine  beet 
populations  involves  counting  the  beetles  during  varioi( 
stages  of  the  beetle's  life  cycle  in  sampling  units  withiii 
infested  trees.  Carlson  and  Cole  (1965)  developed  a  sys- 
tem for  sampling  mountain  pine  beetle  in  lodgepole  pin 
trees.  The  experimental  work  was  done  within  two 
stands,  one  on  the  Wasatch-Cache  National  Forest  in 
northern  Utah  and  the  other  on  the  Bridger-Teton 
National  Forest  in  Wyoming.  The  insect  populations 
were  considered  epidemic  at  that  time. 
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The  experiment  was  designed  to  test  for  variation  be- 
/een  sample  sizes,  shapes,  location  within  the  tree,  and 
ameter  at  breast  height  (d.b.h.)  of  the  tree.  Three  vari- 
)les  were  measured:  (1)  density  of  attacking  parent  bee- 
3S,  (2)  density  of  egg  gallery,  and  (3)  density  of  beetle 
cod.  Six  sample  units  were  superimposed  in  nested 
shion  at  each  sample  locus.  Four  of  these  were 
■ctangular-0.1   ft^  (93  cm^);  0.25  ft^  (232  cm-);  0.5  ft^ 
65  cm^);  and  a  sample  proportional  to  tree  diameter. 
he  other  two  sample  units  were  circular— 0.1   ft' 
3  cm'^)  and  0.25  ft-  (232  cm-).  Each  tree  was  sampled 
1  the  north  and  south  aspects  at  breast  height  (4.5  ft 
•  1.4  m),  5  ft  (1.5  m)  below  the  top  of  the  infestation, 
id  midway  between  these  points.  Ten  trees  in  each  of 
16  following  d.b.h.  classes  were  sampled  in  each  study 
lot:  6  to  8.9,  9  to  11.9,  12  to  14.9,  and  greater  than  15 
iches  (15.2  to  22.6;  22.9  to  30.2;  30.5  to  37.9;  and 
reater  than  38.1  cm). 

Analysis  of  variance  showed  statistically  significant 
ifferences  among  sample  sizes,  tree  diameters,  and 
;udy  plots  for  attack  and  egg  gallery  densities,  but 
lowed  no  significant  differences  among  sample  sizes  for 
rood  density.  Also,  no  differences  occurred  among  sarn- 
ie heights  for  attack  density;  and  only  the  middle  and 
)p  sample  heights  differed  significantly  for  brood  den- 
ity  (tables  1,  2,  3). 

The  variances  of  attack,  egg  geillery.  and  brood  densi- 
,es  were  generally  greater  at  breast  height  and  mid- 
eight  than  at  the  top.  Overall,  variance  tended  to  be 
reatest  at  breast  height,  but  since  the  mean  values  also 
jnded  to  be  larger  at  breast  height,  the  coefficients  of 
ariation  were  not  correspondingly  high. 
The  larger  the  sample  size,  the  fewer  zero  counts  were 
scorded.  Hence,  the  variance  was  more  likely  to  be 
Bduced.  However,  considering  that  the  reduction  in  vari- 
nce  was  rather  minimal  as  sample  size  increased  for  at- 


tack, gallery,  and  brood  densities,  0.25  ft-  (232  cm-)  ap- 
pears to  be  an  acceptable  sample  size. 

There  was  never  complete  consistency  among  aspects 
on  the  trees  by  plots.  Therefore,  random  placement  of 
samples  by  aspect  was  used. 

The  number  of  samples  (trees)  needed  for  a  20  percent 
standard  mean  error  (SME)  at  the  two-thirds  probability 
level  was  computed  for  each  sample  size  and  all  three 
variables  at  d.b.h.  The  north  and  south  samples  were 
combined  because  they  were  not  random  with  respect  to 
each  other  and  in  effect  constituted  a  single  sample. 
More  samples  are  required  for  measuring  attack  density 
and  gallery  lengths  for  the  smaller  size  sample  than  for 
the  larger  size.  For  measurements  of  brood  density,  the 
required  number  of  samples  decreased  as  sample  size  in- 
creased. Combining  north  and  south  samples  at  d.b.h. 
generally  effected  an  increase  in  number  of  trees  needed 
(table  4). 

Sampling  can  be  limited  to  the  breast  height  region 
within  infested  trees  and  satisfy  the  requirements  of  effi- 
ciency and  reliability  in  reproducing  the  characteristics 
of  the  population  (Carlson  and  Cole  1965).  In  adhering  to 
the  principle  of  systematic  random  sampling,  the  sam- 
pling universe  is  defined  as  that  subpopulation  within  a 
zone  1   ft  (30.5  cm)  above  and  1  ft  below  breast  height 
of  infested  trees.  This  zone  was  divided  into  four  quad- 
rants: north,  east,  south,  and  west.  Using  the  0.25-ft- 
(232-cm-)  sample,  the  zone  was  divided  into  four  levels  of 
6  inches  (15.2  cm)  each,  producing  16  sample  loci.  At 
each  sampling  date,  two  loci  were  selected  at  random  for 
sampling  without  replacement.  This  plan  for  computing 
within-tree  and  among-tree  variances  allows  for  the  de- 
termination of  statistical  distribution  of  the  data. 

Knight  (1959)  compared  samples  of  mountain  pine  bee- 
tle progeny  from  different  heights  in  ponderosa  pine.  He 
found  that  progeny  numbers  were  fairly  uniform 


able  1.— Analysis  of  variance  for  attack  density  per  1   ft^  (930  cm^)  of  barl< 


Source 


Sum  of 
squares 


Degrees  of 
freedom 


Mean  square 


lots 

10,668.95 

1 

10,668.95 

26.56 

ree  sizes 

12,887.36 

3 

4,295.79 

10.70 

ample  sizes 

107,007.54 

5 

21,401.51 

53.29 

T 

1,776.20 

3 

592.07 

1.47 

S 

2,491.72 

5 

498.34 

1.24 

s 

7,241.00 

15 

482.73 

1.20 

rror,  PTS 

6,020.75 

15 

401.38 

Subtotal 

148,093.52 

47 

aspects 

0.49 

1 

0.49 

0.00 

evels 

2,264.04 

2 

1,132.02 

3.26 

vL 

411.86 

2 

205.93 

.59 

vP 

1,530.43 

1 

1,530.43 

4.41 

vT 

2,087.41 

3 

695.80 

2.00 

^S 

1,066.13 

5 

213.23 

.61 

P 

3,727.52 

2 

1,863.76 

5.37 

T 

2,949.48 

6 

491.58 

1.42 

S 

2,327.64 

10 

232.76 

.67 

:rror,  PTSAL 

72,296.93 

208 

347.58 

Total 

236,755.45 

287 

'Significant  at  0.05  level  of  probability. 
"Significant  at  0.01  level  of  probability. 


Table  2.— Analysis  of  variance  for  nnountain  pine  beetle  egg  gallery  density  per  Vio  ft^ 
(93  cm^)  of  bark 


Sum  of 

Degrees  of 

Source 

squares 

freedom 

Mean  square 

F 

Plots 

180.85 

1 

180.85 

4.86* 

Tree  sizes 

8,774.88 

3 

2,924.96 

78.68** 

Sample  sizes 

5,751.00 

5 

1,150.20 

30.94** 

PT 

4,140.86 

3 

1,380.29 

37.13** 

PS 

84.08 

5 

16.82 

.45 

TS 

423.13 

15 

28.21 

.76 

Error,  PTS 

556.89 

15 

37.13 

Subtotal 

19,911.69 

47 

Aspects 

1.41 

1 

1.41 

0.00 

Levels 

1,800.34 

2 

900.17 

1.71 

AL 

243.13 

2 

121.57 

.23 

AP 

2,786.93 

1 

2,786.93 

5.30* 

AT 

194.61 

3 

64.87 

.12 

AS 

40.54 

5 

8.11 

.02 

LP 

119.15 

2 

59.58 

.11 

LT 

4,236.78 

6 

706.13 

1.34 

LS 

668.63 

10 

66.86 

.13 

Error,  PTSAL 

109,753.61 

208 

527.66 

Total 

139,756.82 

287 

'Significant  at  0.05  level  of  probability. 
"Significant  at  0.01  level  of  probability. 

Table  3.— Analysis  of  variance  for  mountain  pine  beetle  brood  density  per  1   ft^  (930  cm^) 
of  bark 


Sum  of 

Degrees  of 

Source 

squares 

freedom 

Mean  square 

F 

Plots  (blocks) 

370,909,825.92 

1 

Sample  sizes 

12,845,676.64 

3 

4,281,892.21 

1.16 

Error,  PS 

11,038,342.64 

3 

3,679,447.55 

Subtotal 

394,793,845.20 

7 

Aspects 

17,908,167.36 

1 

17,908,167.36 

5.32* 

Levels 

35,517,526.09 

2 

17,758,763.04 

5.27* 

AP 

44,466,345.09 

1 

44,466,345.03 

13.20** 

AS 

1,774,537.12 

3 

591,512.37 

.18 

AL 

33,448,518.07 

2 

16,724,259.04 

4.96* 

LP 

19,075,248.37 

2 

9,537,624.51 

2.83 

LS 

1,364,835.05 

6 

227,472.51 

.07 

Error,  PSAL 

77,471,934.61 

23 

363,344.98 

Total 

625,820,956.90 

47 

•Significant  at  0.05  level  of  probability. 
"Significant  at  0.01  level  of  probability. 

Table  4.— Ttie  number  of  mountain  pine  beetle-attacked  trees  required  to  be  sampled  for  a 
20  percent  standard  mean  error  at  two-thiirds  probability  level  based  upon 
summed  north  and  soutti  samples  at  breast  height  (rectangular  samples  only) 


SampI 

e  size 

Vio  ft^ 

V4   ft^ 

V2    ft^ 

Proportional 

Density 

Plot 

(93  cm^) 

(232  cm 

') 

(465  cm^) 

to  d.b.fi. 

Attack 

Teton 

9.13 

3.36 

2.42 

3.13 

Wasatch 

7.76 

4.22 

3.63 

3.08 

Gallery 

Teton 

6.40 

5.71 

5.56 

4.67 

Wasatch 

2.46 

2.63 

2.20 

2.12 

Brood 

Teton 

8.19 

9.93 

8.16 

7.56 

Wasatch 

54.06 

66.94 

67.84 

55.36 

Note:  Number  of  trees  to  be  sampled  stiould  be  rounded  to  nearest  whole  number  for  application. 


roughout  the  infested  portion  of  the  tree  trunk  until 
jril.  By  July  survival  was  somewhat  higher  in  the 
ver  bole.  He  concluded  that  counting  beetles  in  50 
mples,  two  6-  by  6-inch  (232-cm^)  samples  from  each  of 
trees,  gave  reliable  estimates  of  beetle  numbers  per 
uare  foot.  The  samples  could  be  taken  from  the  lower 
lie,  4  to  7   ft  (1.2  to  2.1   m)  above  ground  because 
tpulation  fluctuations  at  that  point  were  similar  to 
ose  in  the  upper  bole.  Populations  of  beetles  in  the  in- 
sted  trees  in  the  fall  and  April  were  unrelated  to  in- 
station  trend.  However,  populations  on  the  same  trees 
July  before  the  beetles  emerged  were  directly  related 
infestation  trend. 

Sequential  sampling.— Sequential  sampling  involves  a 
jxible  sample  size  instead  of  the  fixed  size  required  by 
tnventional  sampling.  A  number  of  units  are  examined 
itil  the  cumulative  number  of  beetles  allows  the  in- 
station  to  be  classified  as  increasing,  decreasing,  or 
atic.  Knight  (1960)  developed  a  sequential  sampling 
an  for  mountain  pine  beetle  in  ponderosa  pine.  Sequen- 
al  sampUng  is  not  a  research  tool,  but  rather  was  de- 
jloped  for  making  biological  evaluations.  In  order  for 
festation  class  limits  to  be  developed,  sampling  of 
lany  infestations  over  several  years  is  required  so  that 
spulation  numbers  can  be  related  to  changes  in  infesta- 
on  status  (Knight  1967). 

The  least  work  is  required  where  population  levels  are 
stremely  low  or  extremely  high.  Sequential  sampling 
sually  saves  considerable  effort  by  preventing  oversam- 
ling.  However,  in  infestations  where  a  static  condition 
indicated,  sampling  may  exceed  that  for  a  fixed  size 
onventional  method.  Knight's  (1960)  sample  was  based 
n  0.25-ft^  (232-cm^)  samples,  two  from  each  infested 
ree.  An  upper  limit  of  80  samples  was  specified  so  that 
an  infestation  had  not  been  classified  by  the  time  80 
amples  were  taken,  the  infestation  was  classified  into 
he  higher  category.  An  error  of  classifying  an  infesta- 
ion  too  high  was  considered  more  acceptable  than  clas- 
ifying  one  too  low. 

Individual  egg  gallery  sampling.— Biologically,  it  is  of 
iterest  to  know  not  only  the  densities  of  insects  for  a 
nit  of  space,  but  also  the  basic  insect  unit  (individual, 
amily,  cluster)  of  a  population.  A  technique  to  find  such 
aformation  is  based  on  sampling  individual  egg  galler- 
3S,  each  of  which  can  be  considered  a  "single  family." 
The  pattern  of  egg  deposition  within  a  gallery  and  the 
listance  between  galleries  set  the  stage  for  competitive 
nteractions  of  larvae  within  and  between  egg  galleries, 
n  the  past,  we  have  based  the  intensity  of  competition 
ipcn  the  number  of  attacks  per  square  foot  (930  cm''^). 
iowever,  sampling  of  individual  egg  galleries  and  their 
)roximity  to  other  egg  galleries  may  give  a  better  meas- 
ire  of  competitive  interactions  (Cole  1967).  The  single 
gallery  unit  of  measurement  assumes  that  the  effect  of 
in  ecological  event  on  a  "family  unit"  is  representative 
)f  what  would  happen  in  an  entire  population  that  ex- 
perienced a  similar  event. 

Two  generations  (1965  and  1966)  of  the  mountain  pine 
aeetle  were  sampled  on  three  areas:  Caribou,  Teton,  and 
Wasatch  National  Forests.  Each  generation  was  sampled 
three  times— fall,  spring,  and  summer— and,  therefore,  in- 
cluded counts  of  prewinter  eggs  and  immature  larvae, 


postwinter  mature  larvae,  and  mature  larvae  and  pupae, 
respectively.  The  attack  density  and  gallery  length  were 
also  measured.  Two  sample  units  were  taken  from  each 
of  four  trees,  within  each  of  three  diameter  classes— 9, 
12,  and  15  inches  (23,  30.5,  and  38  cm)  d.b.h.  (table  5). 
Results  obtained  from  sampling  individual  egg  galleries 
were  compared  to  those  obtmned  from  0.25-it^  (232-cm^) 
area  samples  (Cole  1970).  Data  from  the  0.25-ft^  samples 
were  recorded  in  three  ways:  (1)  average  brood  per 
0.25  ft^;  (2)  average  brood  per  attack;  £md  (3)  average 
brood  per  inch  (2.54  cm)  of  egg  gallery. 

Percentage  of  larval  survival  (table  6)  was  rather  con- 
sistent in  all  measurement  units,  regardless  of  when  the 
data  were  taken  during  the  beetles'  development.  The 
less  consistency  and  generally  higher  survival  within  the 
15-inch  (38-cm)  diameter  class  are  probably  attributable 
to  the  increased  attack  density  and  the  greater  food 
quantity  (phloem  thickness)  than  found  in  9-  and  12-inch 
(23-cm  and  30.5-cm)  trees. 

The  encouraging  aspect  of  these  survival  rates  is  their 
general  similarity.  Thus,  one  could  use  a  single  unit,  or 
combined  measurement  units,  to  estimate  survival,  par- 
ticularly for  life  table  studies,  and  be  reasonably  assured 
of  maintaining  congruity  between  Life  stages.  The  infor- 
mation desired  by  the  sampler,  and  time  of  year,  will  de- 
termine the  selection  of  a  measurement  unit. 

The  single  gallery  sample  provided  the  most  represen- 
tative data  of  the  entire  population  but  required  addi- 
tional biological  measurement  of  attack  density.  Brood 
data  from  the  6-  by  6-inch  (232-cm'')  sample  taken  on  an 
attack  density  basis  provided  the  most  statistically  relia- 
ble information  and  encompassed  the  pertinent  biological 
information.  Percent  survival,  as  could  be  used  in 
elementary  life  tables,  was  rather  consistent  in  all  meas- 
urement units,  regardless  of  when  sampling  occurred  in 
the  beetle's  life  cycle. 

Radiographic  sampling.- Following  a  cohort  of  bark 
beetles  through  development  would  be  more  desirable 
than  obtaining  sample  estimates  from  different  cohorts. 
Radiography  makes  possible  such  study  of  cryptic  forest 
insects  and  has  proved  valuable  in  studying  laboratory 
populations  of  bark  beetles  (Johnson  and  Molatore  1961; 
Berryman  and  Stark  1962).  In  addition,  radiography  has 
been  used  in  the  study  of  field  populations  by  taking 
bark  samples  containing  western  or  southern  pine  bee- 
tles into  the  lab  for  radiographing  (DeMars  1963; 
Fatzinger  and  Dixon  1965).  X-radiography  was  tried  in 
seeking  more  accurate  methods  of  samphng  mountain 
pine  beetle  brood  and  their  mortality  factors. 

In  laboratory  studies,  results  from  radiographs  of 
mountain  pine  beetle  in  infested  bark  and  wood  slabs 
varying  in  thickness  from  1.5  to  2  inches  (3.8  to  5.1  cm) 
showed  that: 

1.  X-ray  exposure  adjusted  for  small  differences  in 
thickness  and  moisture  content  of  wood  and  bark  could 
yield  readable  radiographs. 

2.  An  x-ray  setting  of  25  kilovolts  (KV)  was  best  when 
using  the  radiographs  for  counts  of  small-  and  medium- 
sized  larvae.  Either  25  or  45  KV  could  be  used  when 
radiographs  were  used  to  obtain  counts  of  large  larvae, 
pupae,  and  teneral  adults. 


Table  5.  — Estimated  means  and  standard  deviations  of  mountain  pine  beetle  brood  units  by  diameter 
class,  by  season,  and  by  measurement  unit  (years  pooled) 


Measurement 

Sample 

Estimated  standard  deviations 

Diameter 

Among  units 

Among 

Among  unit 

class 

Observation 

unit^ 

size 

within  trees 

units 

totals 

Mean 

Inches 

(n) 

(Sw) 

(Su) 

(Sy) 

(y) 

9  (23  cm) 

Fall 

Single 

gallery 

36 

20.5 

9.8 

2.5 

19.0 

B2 

46 

27.1 

20.6 

5.9 

55.4 

BA 

46 

15.4 

5.5 

4.4 

20.2 

Bl 

46 

2.5 

1.3 

.2 

2.8 

Spring 

Single 

gallery 

48 

13.7 

4.1 

2.1 

9.4 

B 

46 

18.9 

17.9 

4.7 

19.0 

BA 

46 

11.1 

7.2 

2.2 

6.1 

Bl 

46 

1.2 

.6 

.1 

1.0 

Summer 

Single 

gallery 

48 

8.9 

3.7 

1.0 

3.5 

B 

48 

11.7 

4.4 

1.4 

11.0 

BA 

48 

4.5 

1.7 

.5 

3.3 

Bl 

48 

1.0 

.6 

.1 

.6 

12  (30.5  cm) 

Fall 

Single 

gallery 

36 

16.6 

9.5 

1.6 

21.9 

B 

40 

64.1 

39.5 

4.9 

67.8 

BA 

40 

15.9 

8.5 

3.2 

21.6 

Bl 

44 

2.4 

1.3 

.2 

2.9 

Spring 

Single 

gallery 

40 

7.1 

1.8 

1.0 

7.3 

B 

40 

14.9 

5.8 

2.7 

17.3 

BA 

40 

7,6 

4.2 

.8 

5.0 

Bl 

40 

.9 

.5 

.1 

.7 

Summer 

Single 

gallery 

40 

8.6 

3.5 

1.1 

2.5 

B 

40 

8.9 

3.3 

1.2 

12.4 

BA 

40 

3.4 

.8 

.6 

3.7 

Bl 

40 

.8 

.4 

.1 

.4 

15  (38  cm) 

Fall 

Single 

gallery 

36 

13.8 

5.3 

1.9 

9.5 

B 

36 

41.3 

12.3 

5.2 

35.1 

BA 

36 

13.5 

7.1 

1.4 

8.3 

Bl 

38 

1.7 

1.0 

.1 

.7 

Spring 

Single 

gallery 

36 

13.8 

5.3 

1.9 

9.5 

B 

36 

23.5 

14.3 

5.2 

35.1 

BA 

36 

10.9 

4.9 

1.4 

8.3 

Bl 

38 

1.1 

.6 

.1 

.7 

Summer 

Single 

gallery 

36 

3.4 

2.4 

.8 

3.7 

B 

36 

6.2 

8.8 

2.3 

20.8 

BA 

36 

2.8 

2.3 

.7 

5.1 

Bl 

38 

1.0 

.5 

.1 

.6 

^6x6=   %   ft^  =  232  cml 

^B  =  brood  X  (6-  by  6-inch  area) 


D  =  orooa  X  (D-  oy  o-incn  area). 

BA  =  brood  per  attack  on  a  6-  by  6-Inch  area. 

Bl   =  brood  per  inch  of  egg  gallery  on  a  6-  by  6-inch  area. 

3.  Errors  in  estimating  and  identifying  stages  of  the 
beetles  from  radiographs  taken  at  25  KV  were  less  than 
10  percent  of  the  mean,  thus  yielding  estimates  accepta- 
ble for  population  studies  of  bark  beetles. 

4.  Estimates  of  egg  gallery  length  could  best  be  taken 
when  larvae  were  small  because  extensive  mining  by  the 
time  larvae  are  mature  obscures  some  of  the  egg  gallery. 

5.  Attack  density  of  parent  adults  can  be  determined 
from  radiographs  taken  during  any  stage  of  beetle  de- 
velopment (Amman  and  Rasmussen  1969). 

Techniques  developed  during  laboratory  studies  were 
then  tested  under  field  conditions  (Amman  and  Rasmus- 
sen  1974). 

Unlike  larvae  of  the  western  and  southern  pine  beetles, 
which  spend  much  of  the  developmental  period  in  the 
outer  bark,  mountain  pine  beetle  larvae  in  the  thin  bark 


of  lodgepole  pine  feed  and  pupate  primarily  in  the 
phloem  layer  against  the  sapwood  surface.  Consequentlj 
removal  of  bark  samples  for  radiographing  would  also 
expose  larvae  for  direct  counting.  Therefore,  any  advan-S 
tage  of  using  the  radiographic  method  in  the  field  woulcj 
be  in  the  accuracy  and  speed  of  sampling  beetles  in  situ'. 
and  to  follow  the  same  cohort  through  to  adult 
emergence. 

A  chain  saw  was  used  to  cut  two  vertical  slots  into 
the  trunk  of  each  tree  for  film  placement.  This  procedun 
resulted  in  a  "slab"  up  to  2  inches  (5  cm)  thick,  approxi 
mately  30  inches  (75  cm)  above  ground  level;  slots  were 
located  at  random  with  respect  to  cardinal  direction. 
Slots  were  used  because  radiographing  the  entire  tree 
would  (1)  superimpose  images  of  broods  from  the  near 
side  upon  those  on  the  far  side,  (2)  require  a  much 


ble  6.— Percent  of  mountain  pine  beetle  larval  survival  as  estimated  by  measurement 
unit 


Larval  survival  from 


ameter 
:lass 


Measurement 
unit^ 


Fall  to 
spring 


Spring  to 
summer 


Fall  to 
summer 


Average  attack 

density  per 
diameter  class 


\ches 
(23  cm) 


»(30.5  cm) 


}(38  cm) 


Single  gallery 

B2 

BA 

81 

Single  gallery 

B 

BA 

Bl 

Single  gallery 

B 

BA 

Bl 


49.58 
34.28 
30.11 
35.13 
33.12 
25.54 
23.19 
24.91 
46.57 
46.10 
74.98 
31.86 


■Percent- 
36.90 
58.16 
54.37 
62.24 
33.75 
71.81 
74.05 
60.56 
38.38 
59.22 
61.10 
81.94 


18.30 
19.94 
16.37 
21.86 
11.18 
18.34 
17.18 
15.09 
17.87 
27,30 
45.81 
26.11 


3.04 


3.37 


4.04 


16  X  6  =    V4  ft^  =  232  cm^. 
^B  =  brood  x  (6-  by  6-inch  area). 
BA  =  brood  per  attack  on  a  6-  by  6-inch  area. 

=  brood  per  inch  of  egg  gallery  on  a  6-  by  6-inch  area. 


Bl 


Teater  exposure  time,  and  (3)  result  in  radiographs  of 
jw  contrast.  The  slots  were  about  8  by  10  inches  (20  by 
5  cm),  to  accommodate  film  of  that  size  in  individual 
ackets,  and  were  open  only  on  one  side  in  the  larger 
rees  to  slow  the  rate  of  tissue  drying.  In  the  smaller 
rees,  the  trunk  was  not  large  enough  to  keep  one  side  of 
he  slot  closed;  consequently,  slots  were  open  on  both 
lides.  However,  all  slots  were  sealed  with  caulking  cord 
0  slow  the  rate  of  drying  between  sample  dates. 

An  evaluation  of  the  radiographic  method  of  sampling 
nountain  pine  beetle  populations  was  based  on  both 
statistical  and  operational  considerations.  Estimates 
vere  compared  with  those  obtained  from  the  same  trees, 
ising  the  bark-removal  method  of  Carlson  and  Cole 
1965). 

Assuming  negligible  location  effects,  no  significant 
lifference  at  the  0.05  level  of  probability  was  revealed 


among  population  estimates  obtained  by  using  either  the 
bark-removal  method  or  estimates  made  from  radio- 
graphs for  any  of  the  three  sample  dates  (table  7).  One 
source  of  difference  was  noted  between  estimates  ob- 
tained by  the  two  methods  for  the  first  sample:  eggs 
could  be  counted  in  bark  samples,  but  not  on  radio- 
graphs. As  observed  previously  (Amman  and  Rasmussen 
1969),  radiographing  mountain  pine  beetles  through 
wood  precluded  detection  of  the  slight  difference  in  den- 
sity of  eggs.  Eggs  of  the  western  pine  beetle  have  been 
seen  on  radiographs  when  only  bark  was  radiographed 
(DeMars  1963).  The  authors  detected  no  significant 
difference  between  methods  for  estimates  of  egg  gallery 
nor  of  gallery  starts.  Therefore,  estimates  from  radio- 
graphs appear  to  be  comparable  to  those  obtained  by 
bark-removal  sampling  (Carlson  and  Cole  1965). 


fable  7.— Comparison  of  estimates  of  mountain  pine  beetle  brood  density, 
gallery  lengthis,  and  gallery  starts  from  bark-removal  and  radio- 
graphic sampling 


1 

Bark-remova 

Radiographic 

I 

sampling 

sampling^ 

Significance 

r 

■Average/ft^  (930  cm^)- 

mrood  number: 

1    Observation  1 

215.5 

177.5 

P  >  0.10 

1   Observation  2 

83.2 

78.3 

P  >  0.10 

1   Observation  3 

48.2 

40.6 

P  >  0.10 

Saliery  (cm) 

261.1 

238.3 

P  >  0.10 

oallery  starts 

10.0 

8.9 

P  >  0.10 

^Estimates  made  by  two  observers  were  averaged  and  the  average  was  compared 
with  the  estimates  obtained  by  bark-removal  sampling. 


Comparisons  of  estimates  made  from  radiographs  by 
the  two  observers  revealed  no  significant  difference  for 
beetle  populations  and  egg  gallery  (table  8).  However, 
the  observers  gave  significantly  different  estimates  for 
the  numbers  of  gallery  starts  (P<0.01).  Overall,  observer 
differences  were  small,  and  adequately  trained  observers 
can  be  expected  to  give  comparable  estimates  from 
radiographs. 

The  bark-removal  method  was  almost  2.5  times  faster 
than  the  radiographic  method.  Costs  were  proportional 
to  time— $1  per  sample  using  the  bark-removal  method 
and  $2.50  per  sample  using  the  radiographic  method 
(1974  costs). 

A  major  disadvantage  of  the  radiographic  method  was 
the  inability  to  assess  mortality  from  the  radiographs. 
Some  predators  could  be  seen  and  counted  on  the  radio- 
graphs. The  only  one  of  consequence  was  Medetera 
aldrichii  Wheeler  (Diptera:  Dohchopodidae).  Dead  beetles 
that  had  dried  completely  were  not  often  detected; 
usually  those  that  were  could  not  be  assigned  to  specific 
causes  of  mortality.  In  addition,  larvae  that  had  died 
recently  but  still  contained  much  moisture  could  not  be 
distinguished  from  living  larvae.  The  bark-removal  sam- 
pling technique  is  definitely  superior  in  this  respect,  be- 
cause the  cause  of  death  of  most  larvae  can  be  deter- 
mined. Consequently,  the  bark-removal  sampling  method 
will  continue  to  be  the  choice  for  life  table  sampling  of 
mountain  pine  beetles  in  lodgepole  pine  where  assess- 
ment of  mortality  factors  is  of  primary  concern. 

MODELING 

A  mathematical  model  should  contain  the  essential  re- 
lations under  study.  The  success  of  the  model  depends 
upon  whether  those  factors  included  are  really  essential 
to  the  explanation.  Biological  entities  are  so  complex 
that  it  is  impossible  to  choose  more  than  a  fraction  of  all 
factors  for  study.  The  study  of  a  few  carefully  selected 
factors  can  lead  to  improved  understanding  of  the  rela- 
tions under  study  and  provide  leads  for  subsequent  in- 
vestigations. However,  the  study  of  too  few  factors  for 
too  short  a  time  can  lead  to  misinterpretations.  Concep- 
tual or  theoretical  models  give  clues  to  modes  of  be- 
havioral interactions  and  may  point  toward  important 
population  characteristics.  Empirical  models  give  an  ac- 
counting of  these  facets.  In  either  case,  if  the  model  is 
to  be  used  as  a  measurement  tool,  the  nature  or  mode  of 
operation  of  the  biological  unit  must  be  thoroughly  un- 
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derstood  to  correctly  interpret  these  components  in 
terms  of  population  dynamics. 

Models  are  simplifications  of  reality.  A  model,  howe\  '' 
simple,  should  be  an  accurate  representation  of  that  re 
ity.  Were  it  to  be  complete  in  every  detail,  it  then  wou 
be  equivalent  to  real  life.  Ultimately,  it  is  the  closeness 
of  agreement  between  the  model  and  the  real  system— 
the  validation  of  the  model— that  determines  its  useful 
ness.  It  is  futile  and  useless  to  test  the  model  with  dat 
used  in  its  construction  or  to  conceptualize  without 
verification.  Only  through  further  experimentation  can 
discrepancies  between  predicted  and  measured  behavioi 
be  resolved  or  minimized. 

Both  conceptual  and  predictive  models  are  found  in 
mountain  pine  beetle  literature.  Models  discussed  here 
will  be  limited  to  those  not  previously  discussed  in  pari 
I  and  II  of  this  monograph  on  mountain  pine  beetle 
Parts  I  and  II  contain  most  of  the  two-  and  three- 
dimensional  models  of  beetle,  host,  or  beetle-host  in- 
teractions. 

The  models  in  this  publication  have  to  do  with  the  in 
teractions  of  stands  and  beetle  populations  and  are 
presented  in  an  order  consistent  with  the  life  cycle  of  tl 
beetle. 

Beetle  Life  Table  Models 

The  life  table  is  one  of  the  oldest,  most  useful,  and 
best  known  expressions  in  the  field  of  population 
studies.  Deevey  (1947)  defined  it  as  succinctly  and 
clearly  as  anyone:  "A  life  table  is  a  concise  summary  ol 
certain  vital  statistics  of  a  population."  Therefore,  the 
life  table  approach  was  used  to  determine  the  principal 
factors  affecting  natality  and  mortality  of  mountain  pir' 
beetle. 

The  life  tables  were  based  on  intensive  population 
sampling  from  annually  established  plots  within  both 
high  and  low  level  populations  of  the  beetle.  These  data 
have  been  supplemented  with  detailed  studies  in  both 
field  and  laboratory. 

Data  for  life  tables.— The  observation  times  and  the 
types  of  data  collected  were: 

1.  Ng  =  egg  density.  This  is  the  first  observation 
taken  when  the  flight  £uid  attack  period  of  the  parent 
adult  beetle  is  reasonably  completed  and  the  majority  o 
egg  deposition  accomplished.  The  data  needed  from  this' 
observation  are  number  of  attacks,  number  of  egg  niche 
and  larval  starts,  number  of  small  larvae,  and  length  of 
egg  gallery. 


Table  8.— Comparison  of  observer  estimates  of  mountain  pine  beetle  brood 
densities,  gallery  lengths,  and  gallery  starts  made  independently 
from  the  same  set  of  radiographs 


Observer  1 

Observer  2 

Significance 

ft^  (930 

;m^;- 

Brood  number: 

Observation  1 

171.5 

183.5 

P  >  0.05 

Observation  2 

82.9 

73.6 

P  >  0.10 

Observation  3 

45.2 

36.0 

P  >  0.10 

Gallery  (cm) 

234.4 

242.1 

P  >  0.10 

Gallery  starts 

6.3 

11.5 

P  <  0.01 

I.  Nj  =  brood  density  prior  to  winter.  This  observa- 
t  n  is  taken  as  close  to  the  onset  of  winter  as  possible. 
]ita  from  this  observation  should  include  additional  at- 
t  ;ks  and  egg  deposition  and  small  larvae  density. 

}.    N2  =  brood  density  immediately  postwinter  (April), 
'lis  observation  determines  winter  kill  and  includes 
1  th  small  £ind  possibly  large  larvae  density. 

i.    N3  =  late  spring  brood  density  (May).  Data  will  in- 
(ide  small  and  large  larvae  and  possibly  pupae  densi- 
(s.  This  and  N^  are  the  more  important  observations. 

critical  population  changes  occur,  they  will  begin  to 
.  ow  during  these  stages. 

5.  N^  =  early  summer  brood  density  (June).  The 
I  scription  of  N3  suffices  for  this  observation. 

6.  Nj  =  late  summer  brood  density  (July).  Large  lar- 
16,  pupae,  and  callow  adult  densities  are  included. 

7.  N^^  =  emerging  new  adults.  This  observation  is  a 
jnple  of  emerging  adults  and  represents  brood  sur- 
val.  The  caging  can  be  done  at  any  time  after  N^  and 
ior  to  flight. 

These  seven  observations  are  probably  the  ideal  for  a 
implete  life  table.  However,  we  found  suitable  life  ta- 
es  could  be  constructed  by  combining  and  omitting  ob- 
Tvations.  We  settled  on  the  following  observations: 


3.     Summer: 


4.     Emerging  adults: 


1.  Late  fall:  The  population  surviving  the 

egg  stage  and  entering  the  win- 
ter period  as  second  and  third 
instar  larvae  (N^.  +  Nj). 

2.  Spring:  The  population  surviving  win- 

ter and  containing  the  third 
and  fourth  instar  larvae  (N.,). 
The  population  containing  the 
mature  larvae  and  pupae  (N3 
+  N,  +  N3). 

The  final  surviving  population 
estimates  of  emerging  adults 
obtained  by  caging  a  6-  by 
6-inch  (232-cm^)  area  of  bark 
(N    ). 

'      na' 

Using  life  tables.— Life  tables  can  demonstrate  popula- 
tion trend.  Examples  of  decreasing  and  increasing  popu- 
lations are  shown  in  tables  9  and  10.  The  importance  of 
N3  and  N^  is  shown  in  comparison  of  M^  (mortality 
occurring  during  interval  x)  for  these  respective  age  inter- 
vals. If,  during  N3,  the  brood  loss  due  to  MF2  (mortality 
factor  in  interval  2)  increases  only  0.85  larva,  this  can  be 
great  enough  to  almost  halve  the  loss  due  to  MF^  (say, 
competition).  In  other  words,  a  so-called  beneficial  preda- 
tor could  reduce  the  pressure  from  competition  to  the 


ible  9.— Life  table  for  a  mountain  pine  beetle  population  showing  a  decreasing  trend 


X 

Nx 

M,F 

M, 

100  M/N 

Factor 

M,as 

No.  alive  at 

responsible 

No.  dying 

percentage 

Age-interval 

start  of  X 

forM, 

during  x 

of  N, 

0  -  adults 

1  female 

E  -  eggs 

100.00 

MF, 

23.63 

23.63 

MF2 

16.84 

16.84 

MF3 

6.78 

6.78 

Total 

47.25 

47.25 

1  -  small  larvae 

52.75 

MF, 

8.25 

15.64 

MF2 

3.00 

5.69 

MF4 

20.00 

37.91 

i 

MF3 

1.00 

1.90 

Total 

32.25 

61.14 

I2  -  small  larvae 

20.50 

MF5 

12.13 

59.17 

I3  -  large  larvae 

8.38 

MF2 

1.15 

13.72 

MF, 

5.03 

60.02 

MF3 

.45 

5.37 

Total 

6.63 

79.11 

I4  -  large  larvae 

1.75 

MFj 

0.25 

14.28 

pupae 

MF, 

.15 

8.57 

MF4 

.05 

2.86 

MF3 

.05 

2.86 

Total 

0.50 

28.57 

J5  -  pupae 

1.25 

MFj 

0.35 

28.00 

callow  adults 

MFi 

.30 

24.00 

MF3 

.10 

8.00 

Total 

0.75 

60.00 

I'lpa  -  new  adults 

0.50 

Brood  mc 

)rtality 

99.50 

females 

.25 

Generation  mortality 

75.00  (-) 

Ne.i 

25.00 

Table  10.— Life  table  for  a  mountain  pine  beetle  population  showing  an  increasing  trend 


X 

Nx 

M,F 

Mx 

100  M/N 

Factor 

M,  as 

No.  alive  at 

responsible 

No.  dying 

percentage 

Age-interval 

start  of  X 

forM, 

during  x 

of  N, 

Nq  -  adults 

1  female 

Ne  -  eggs 

100.00 

MFi 

23.63 

23.63 

MF2 

16.84 

16.84 

MF3 

6.78 

6.78 

Total 

47.25 

47.25 

N,  -  small  larvae 

52.75 

MFi 

8.25 

15.64 

MF2 

3.00 

5.69 

MF4 

20.00 

37.91 

MF3 

1.00 

1.90 

Total 

32.25 

61.14 

Nj  -  small  larvae 

20.50 

MF5 

12.13 

59.17 

N3  -  large  larvae 

8.38 

(VI F2 

2.00 

23.87 

MF4 

2.80 

33.41 

MF3 

.45 

5.37 

Total 

5.25 

62.65 

N^  -  large  larvae 

3.13 

t^Fj 

0.10 

3.19 

pupae 

MF, 

.07 

2.24 

MF, 

.07 

2.24 

MF3 

.01 

.32 

Total 

0.25 

7.99 

N5  -  pupae 

2.88 

MF2 

0.17 

5.90 

callow  adults 

MF, 

.15 

5.21 

MF3 

.06 

2.08 

Total 

0.38 

13.19 

Nn3  -  new  adults 

2.50 

Brood  mortality 

97.50 

females 

1.25 

Generation 

mortality 

25.00  (  +  ) 

Ne.i 

125.00 

extent  that  the  population  is  released,  and  this  in  effect 
causes  an  increase  Ln  the  generation  trend.  The  end  effect 
is  an  increase  of  25  percent  more  female  beetles  emerg- 
ing than  attacked.  This  also  points  out  the  importance 
of  caging  for  emerging  adults  to  obtain  the  generation 
trend.  Brood  mortality  differed  by  only  2  percent,  yet 
generation  mortality  differed  100  percent.  Five  times 
more  adult  female  beetles  emerged  in  the  second  situa- 
tion than  in  the  first. 

An  additional  column,  S^  (survival  rate  within  x),  can 
be  added  to  the  life  table  at  this  time.  The  use  of  sur- 
vivals rather  than  mortalities  presents  a  more  reasonable 
approach  because  it  is  the  residual  live  populations  that 
concern  us  most.  An  example  is  shown  in  table  11. 

The  accumulated  life  tables  can  now  be  used  in  a 
mathematical  model  to  describe  and  define  the  causes  of 
change.  The  analysis  of  the  model  is  based  on  the  age- 
interval  survival  rates  (Morris  1963). 

The  model  follows  the  form: 


Sg  = 


Or-       -^      *^^       ^      Ort      />      Oo      ^      Oj      -^      Oe       -^      ^  V 


( 


where 

N  =  population  density  of  the  mountain  pine  beetle 
per  0.25  ft^  of  bark  area. 

Ng,  Nj  .  .  .  N3,  N^g,  N     represent  eggs,  brood  densit 
by  each  of  five  observations,  new  adults  and  parent 
adults,  respectively. 

Sp  =  survival  of  eggs  to  eclosion  =  Nj/N^. 

S,   =  fedl  survival  of  brood  from  observation  1  to  ob- 


servation 2  =  Ng/Nj. 


N3/N,. 


S^  =  winter  survival  of  brood  = 
S3  =  late  spring  survival  of  brood  =  N^/N3. 
S^  =  early  summer  survival  of  brood  =  N^/N^. 
=  late  summer  survival  of  brood  =  N_ /N,. 


S5 

Pp  =  the  average  proportion  of  fecundity  of  the  adult 

female  population  at  the  current  attack  density;  extent 
of  egg  deposition  is  inversely  proportional  to  attack 
density. 
Sq  =  survival  in  any  generation  (equation  1). 
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ble  11.— Survival  rates  for  mountain  pine  beetles  and  computed  genera- 
tion survival  estimated  from  tables  9  and  10 


ife 
ble 


Age-interval 


No.  alive  at 
start  of  X 


Nx  +  i/N. 


Survival  rate 
within  X 


N4 

Nn 


100.00 

52.75 

20.50 

8.38 

1.75 

1.25 

.50 

100.00 

52.75 

20.50 

8.38 

3.13 

2.88 

2.50 


N2/N1 


N4/N3 


Nna/Ns 


0.528 
.389 
.409 
.209 
.714 
.400 

=  0.005 
0.528 
.389 
.409 
.374 
.920 
.868 

=  0.025 


Simple  regressions  are  used  and  examples  of  their 
atistics  are  listed  in  table  12.  Sq  is  the  dependent  vari- 
)le  and  the  terms  Sp.  .  .  .  Pp  independent  variables, 
ransformation  of  the  data,  Sp  .  .  .  Pp,  to  common  logs 
necessary  to  provide  for  a  linear  additive  model.  The 
ata  are  also  coded  by  10,000  to  avoid  negative 
garithms.  Thus,  equation  1  becomes: 
Log  10,000  S(,  =  Log  10,000  Sp,  +   .  .  . 

+  Log  10,000  P^  (2) 

The  regressions  are  used  to  determine  whether  sur- 
ival  in  any  age  interval  is  a  key  to  determining  genera- 
on  survival.  If  such  occurs,  then  prediction  of  S^.  can 
3  possible  from  sampling  the  age  interval(s)  responsible 


for  Sq.  It  follows  then,  to  explain  variation  in  S^,  we 
must  explain  the  variation  in  the  age  interval(s)  most 
responsible  for  that  v£iriation  in  S^. 

The  determination  of  the  variation  within  S„  and  S. 

3  4 

could  be  the  next  step.  Meanwhile,  correlations  and 
regressions  can  be  computed  for  age  intervals  and  gener- 
ation survivals  and  for  the  parasite-predators  within 
their  respective  age  intervals.  The  latter  regression  can 
be  used  to  determine  which,  if  any,  biotic  agents  are 
causing  the  variations,  thus  improving  the  evaluation  of 
an  infestation  by  explaining  and  predicting  its  trend  and 
recommending  the  application  and  timing  of  control 
measures. 


able  12.— Example  of  regression  statistics  for  a  mountain  pine  beetle 
generation  survival  model.  Mean  survival  for  observation,  x; 
coefficient  of  determination,  r^;  correlation  coefficient,  r;  inter- 
cept, a;  slope,  b  (scaled  by  10,000) 


Area 

Observation 

X 

r2 

r 

a 

b 

/asatch 

Se 

0.521 

0.004 

-0.06 

2.44 

-0.18 

Si 

.197 

.457 

-.68 

4.98 

-.97 

S2 

.492 

.021 

.14 

1.07 

.20 

S3 

.871 

.967 

.98 

-1.20 

,75 

S4 

.355 

.999 

-.99 

5.29 

-.99 

S5 

.834 

1.000 

1.00 

-3.33 

1.30 

Pf 

.458 

.723 

.85 

-7.42 

2.51 

(Sg 

=  0.005964) 

eton 

Se 

.621 

.741 

-.86 

29.04 

-7.11 

Si 

.425 

.940 

.97 

.79 

.36 

S2 

.461 

.955 

.98 

.84 

.34 

S3 

.696 

.332 

.58 

-3.20 

1.38 

S4 

1.965 

.921 

-.96 

22.83 

-4.83 

S5 

.216 

.918 

-.96 

10.67 

-2.57 

Pf 

,337 

.000 

-.01 

2.57 

.14 

(Sg 

=  0.012113) 
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During  the  last  2  of  the  3  years  of  study,  the  moun- 
tain pine  beetle  parent  adult  female  either  elongated  the 
egg  gallery  and  resumed  egg  deposition,  or  emerged, 
flew,  and  reattacked  infested  trees,  attacked  new  trees, 
or  both.  This  phenomenon  was  more  pronounced  and  in 
greater  consequence  on  the  Teton  plots  (S^  x  =  1.965) 
than  on  the  Wasatch  plots  (S3  x  =  0.871).  The  addition 
of  new  brood  (almost  double)  halfway  through  the  life 
cycle  overcame  the  effect  of  the  reduction  factors  to  the 
extent  the  number  of  emerging  adults  was  almost  equal 
to  the  number  of  eggs  deposited  in  Sg.  Consequently, 
the  correlation  coefficients  are  high  for  the  Teton, 
Sg  .  .  .  Sj. 

An  analysis  of  variance  was  done  to  compare  the  ef- 
fects of  plots  and  year  (table  13). 

Table  13.— Variance  of  mountain  pine  beetle  survival  in  each 
age -interval.  Plot  and  year  are  main  sources  of 
variation  (transformed  data) 


Source  of 

Survival 

variation 

Both  plots 

Wasatch 

Teton 

Se 

Plots 

0.00877 

Years 

.00648 

0.02171 

0.017830 

Si 

Plots 

.16616 

Years 

.00055 

.08691 

.016507 

Sj 

Plots 

.00117 

Years 

.34743 

.10303 

.149240 

S3 

Plots 

.01427 

Years 

.01707 

.30640 

.212630 

S4 

Plots 

.83865 

Years 

.10859 

.18339 

.047950 

S5 

Plots 

.51536 

Years 

.13860 

.11429 

.168470 

Pf 

Plots 

.02656 

Years 

.04917 

.02082 

.013460 

Sg 

Plots 

.14950 

Years 

.90938 

.18203 

1.214610 

The  Wasatch  infestation  was,  in  fact,  decreasing  with 
respect  to  number  of  host  trees  infested  each  year.  How- 
ever, attack  density  and  egg  deposition  were  greater  on 
the  Wasatch  than  on  the  Teton  plots.  The  mortality 
within  any  one  generation  had  been  as  expected  for  the 
Wasatch  (decreasing  trend),  but  for  the  Teton  (explo- 


? 


sively  increasing),  the  generation  mortality  percentage 
had  been  less  than  the  survival  percentage  (more  adults 
emerging  than  attacked)  (table  14). 

For  either  infestation,  the  greatest  variation  in  SG  is 
probably  to  S3  or  S^  (table  12).  Hence,  these  are  the  ob- 
servation times  for  intensive  work  to  determine  factors 
of  change.  Inferences  from  table  13  are: 

Sg  .  .  .  82  —Small,  consistent,  or  low  magnitude  con 
tributed  variance,  except  Sg  between 
years.  This  is  due  to  the  catastrophic 
winter  kill  during  1962,  Teton  (table  14), 

S3  —Contributed  variance  of  little  conse- 

quence. However,  resumption  of  attacks] 
and  egg  deposition  probably  obscured 
the  real  magnitude. 

S^  and  S5     — Reattacks  and  egg  deposition  in  full  ac- 
tivity and  more  pronounced  on  the 
Teton.  Thus,  the  higher  contributed  vari 
ance  by  plots. 

Pp  —Fecundity  remained  fairly  constant  for 

sources  concerned. 

Some  correlations  between  parasite-predator  densities 
and  age-interval  survivals  were  computed.  For  most 
parasite-predator  groups  the  correlation  coefficients  re- 
mained stable  for  each  age  interval.  However,  for 
Medetera  the  correlation  was  quite  low  except  for  the 
Wasatch  S^  where  the  degree  of  correlation  increased 
slightly.  In  this  situation,  the  Wasatch  had  consistently 
shown  a  higher  percentage  of  Medetera.  The  age  interval 
S^  had  been  the  point  of  separation  between  the  two 
populations  with  respect  to  generation  mortality/survival 
ratios. 

The  analysis  of  age-interval  survivals  in  relation  to 
generation  survival  had  certain  preliminary  value  and 
gave  considerable  insight  during  the  early  stages  of  our , 
research. 

Abridged  cohort  life  tables.— The  abridged  cohort  life 
table,  in  which  a  generation  of  beetles  is  sampled  at  par 
ticular  points  in  time,  was  used  thereafter  in  this  study 
(Chiang  1968).  In  its  strictest  form,  a  cohort  life  table  is 
a  record  of  the  actual  mortality  experienced  by  a  given 
group  of  individuals  over  a  period  extending  from  birth 
of  all  individuals  until  death  of  the  last  member  of  that 
group.  However,  death  of  the  last  member  in  this  case 
was  not  necessarily  recorded.  Rather,  the  emergence  of 


I 


' 


Table  14.— Comparison  of  mountain  pine  beetle  population  trends  for 

attack  density  and  egg  deposition  per  square  foot  of  bark,  and 
mortality  and  survival  percents  by  years  at  two  locations 


Attack 

Egg 

Mortality  (- 

-)  survival  (-K) 

Area 

Year 

density 

deposition 

Egg  to  adult 

Adult  to  adult 

■■Percent 

Wasatch 

1961 

28.1 

800 

99(-) 

89(-) 

1962 

24.0 

1,035 

94(-) 

63(-) 

1963 

16.0 

1,027 

97(-) 

73(-) 

Teton 

1961 

14.1 

306 

69(-) 

225(-^) 

1962 

15.0 

545 

'99(-) 

i98(-) 

1963 

15.0 

598 

71(-) 

278(  +  ) 

■'Catastrophic  winter  kill  — highly  localized  over  plot  area. 
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le  adult  beetle  was  equated  as  the  end  of  life  for  that 
articular  cohort.  Thus,  mortality  during  the  flight 
eriod  was  not  recorded. 

The  ideas  and  procedures  used  in  the  construction  of 
le  abridged  cohort  life  table  are  the  same  as  those  used 
1  the  construction  of  the  complete  life  table  except  for 
ifferences  that  result  from  the  length  of  intervals. 

Table  15,  an  example  of  an  abridged  cohort  life  table 
sed,  is  explained  in  detail: 

Column  1.  Diameter  at  breast  height  (d.b.h.)  for  three 
roups  of  trees  in  which  mountain  pine  beetle  were  sam- 
led.  Observation  numbers  correspond  to:  1  is  early  fall; 

is  late  fsdl;  3  is  early  spring;  4  is  early  summer;  and  5 
5  late  summer  (newly  emerged  adults). 

Column  2.  Age  interval  (x.  to  x^^j).  Each  interval  is 
efined  by  the  two  ages  stated  except  for  the  final  age 
iterval,  which  ends  with  the  emergence  of  the  adult 
eetle. 

Column  3.  Number  alive  at  age  x^,  l^.  Totaling  the 
umber  alive,  dead,  and  for  all  stages  gives  a  base  popu- 
ation,  Iq.  Thereafter,  survivors  per  sampling  time  will 
omprise  L 

Column  4.  Number  dying  in  interval  (x^  to  x.^^),  dj. 
'hese  are  the  actual  counts  of  dead  individuals  at  the 
ime  of  sampling.  The  number  dying  is  derived  by  sub- 
raction:  l^  —  /^^j.  If  actual  counts  are  used,  then  sam- 
)ling  error  must  be  taken  into  account;  high  sampling 
rrors  can  be  the  reason  for  an  apparent  increase 
ti  population  from  /^  to  /j_^j. 

Column  5.  Proportion  dying  in  interval  (x^  to  x^^j),  q^. 
Cach  q^  is  an  estimate  of  the  probability  that  an  in- 
iividual  alive  at  the  age  x  will  die  during  the  interval 

d 

X,  to  x^+,).  Qi  =    -^ 


Column  6.  Proportion  surviving  in  interval  (x^  to  x^^j), 
P|.  Each  p_  is  an  estimate  of  the  probability  that  an  in- 
dividual alive  at'  age  x  will  survive  during  the  interval 


(x,  to  x,^;).  p,  =  l-q_. 


Column  7.  Variance  of  proportion  dying  during  the  in- 
terval is  equal  to  the  variance  of  proportion  surviving 
during  the  interval. 

Column  8.  The  length  of  the  typical  ith  interval  in  this 
particular  abridged  life  table  is  dependent  upon  the  sam- 
pHng  interval,  which  is  neither  uniform  in  length  for  all 
intervals  nor  longer  than  a  few  months.  The  essential 
element  here  is  the  average  fraction  of  the  interval  lived 
by  each  beetle  that  dies  at  an  age  included  in  the  inter- 
vEil.  This  fraction  is  denoted  by  a^.  The  assumption  of  a^ 
=  0.5  for  each  time  unit  of  age  within  an  interval  (x^  to 
X|^j)  does  not  necessarily  imply  that  a_  =  0.5  for  the  en- 
tire interval.  The  value  of  the  fraction  a^  depends  on  the 
mortality  pattern  over  an  entire  interval,  but  not  on  the 
mortality  rate  for  any  single  generation.  When  the  mor- 
tality rate  increases  with  age  in  an  interval,  the  fraction 
a,  >0.5;  when  the  reverse  pattern  prevails,  aj<0.5.  In  our 
particular  case,  the  fraction  &■  was  necessarily  taken  to 
be  0.5  of  the  sampling  interval,  because  time  of  death 
within  the  sampling  interval  or  interval  lived  was  not 
measured. 

Column  9.  Number  of  time  units  lived  in  interval  (x^  to 
x_^j),  L|.  Each  member  of  the  cohort  who  survives  the  in- 
terval (one  generation  year)  contributes  one  interval  to 
Lj,  while  each  member  who  dies  during  the  interval  con- 
tributes, on  the  average,  a  fraction  a^  of  that  interval 
where  a^  is  assumed  to  be  0.5. 

L,  =  n,  (/,  -  0.5  d ) 


able  15.— Example  of  an  abridged  cohort  life  table  for  mountain  pine  beetle.  Detailed  descriptions  are  in  text 


1 

2 

3 

4 
No. 

5 
Proportion 

6 

7 

8 
Average 
fraction 

9 
Number  of 

10 
Total  time 

11 

12 

Age 

No. 

dying 

dying 

Proportion 

of  last 

time  units 

units  lived 

Obs.  E 

D.b.h./ 

interval 

living  at 

during 

during 

surviving 

age 

lived  in 

beyond 

(life)  at 

S.E. 

obs. 

(days) 

age  X; 

interval 

interval 

interval 

V      =   V 

interval 

interval 

age  Xj 

age  x. 

fii 

x,fox,,, 

// 

di 

Q, 

P, 

a, 

'-, 

Ti 

e, 

23  cm 

1 

30 

3,079 

325 

0.1056 

0.8944 

0.000031 

0.50 

87,495 

633,540 

212.748 

1.450 

2 

180 

2,754 

958 

.3479 

.6521 

.000082 

.50 

409,500 

546,045 

206.084 

,997 

3 

60 

1,796 

676 

.3764 

.6263 

.000131 

.50 

87,480 

136,545 

88.004 

.906 

4 

30 

1,120 

403 

.3598 

.6402 

.000206 

.50 

27,555 

49,065 

63.013 

.868 

5 

60 

717 

717 

1.0000 

0 

.50 

21,510 

21,510 

60.000 

0 

30  cm 

1 

30 

3,309 

633 

.1913 

.8087 

0.000047 

0.50 

89,775 

600,345 

187.937 

1.609 

2 

180 

2,676 

1,074 

.4013 

.5987 

.000090 

.50 

385,020 

510,570 

198.845 

1.058 

3 

60 

1,602 

598 

.3733 

.6267 

.000146 

.50 

78,180 

125,550 

91.816 

.995 

4 

30 

1,104 

286 

.2849 

.7151 

.000203 

.50 

25,830 

47,370 

68.635 

.862 

5 

60 

718 

718 

1.0000 

0 

.50 

21,540 

21,540 

60.000 

0 

38  cm 

1 

30 

2,936 

670 

.2282 

.7718 

0.000060 

0.50 

78,030 

523,600 

184.363 

1.804 

2 

180 

2,266 

815 

.3598 

.6403 

.000102 

.50 

334,530 

445,570 

204.440 

1.110 

3 

60 

1,451 

546 

.3763 

.6237 

.000162 

.50 

70,780 

111,040 

88.718 

1.016 

4 

30 

905 

312 

.3448 

.6552 

.000250 

.50 

22,470 

40,260 

64.144 

.958 

5 

60 

593 

593 

1.0000 

0 

.50 

17,790 

17,790 

60.000 

0 
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Column  10.  Total  number  of  time  units  lived  beyond 
age  Xp  T.  This  total  is  equal  to  the  sum  of  the  number 
of  time  units  lived  in  each  age  interval  beginning  with 
age  X. 


T,  =  L, 


+  L,.2  + 


+  L,. 


Column  11.  Observed  expectation  of  life  at  age  x^,  e-. 
This  is  the  average  number  of  time  units  yet  to  be  lived 
by  an  individual  now  age  x^.  Because  the  total  number  of 
time  units  of  life  remaining  to  the  l^  individuals  is  T^, 

T 

e  =    — H-.  i  =  0,  1 w 

/ 

I 

Each  6;  summarizes  the  mortality  experience  of  in- 
dividuals beyond  age  x,  in  the  cohort  population  under 
consideration,  making  this  column  very  important  in  the 
life  table.  Furthermore,  this  is  the  only  column  in  the 
table  other  than  q^  and  a^  that  is  meaningful  without 
reference  to  the  starting  population,  l^.  As  a  rule,  the  ex- 
pectation of  hfe,  e,  decreases  as  the  age,  x_,  increases 
(with  the  single  exception  of  the  first  interval  of  life, 
when  the  reverse  is  true  due  to  nigh  mortality  during 
that  interval).  The  symbol,  e^,  denoting  the  observed  ex- 
pectation of  Hfe,  is  computed  from  the  actual  mortality 
data  and  is  an  estimate  of  e^  the  true  unknown  expecta- 
tion ox  life  at  age  x.. 

Column  12.  Sampling  error  of  hfe  expectation  at  age 
X  . 

Sample  variance  of  (1)  the  proportion  qj  of  individuals 
dying  in  an  interval  (x^,  x_^,),  (2)  the  proportion  p-^  of  in- 
dividuals alive  at  age  x^  who  will  survive  to  age  x^  and 
(3)  the  observed  expectation  of  life  e  ,  at  age  x  ,  can  be 
computed  in  the  following  manner: 

In  a  cohort  life  table,  the  proportions  q^  and  p^  are 
computed  directly  from 

dj  .  .  /,+  1 

q,  =    -J-   and  p,  =  -L — 
i  i 

and  are  ordinary  binomial  proportions  with  the  sample 
variance 


spr'  = 


[p,qj 


The  proportion  p    of  survivors  is  a  general  form  of  p 


and  is  equal  to  p^  when  j 
sample  variance  of  p_   is 

I 


i+  1.  Corresponding  to  the 


S^P, 


/ 


[p„(l  -  pJ],  i>j.  j  =  0,  1, 


The  p,'s  are  linearly  uncorrelated,  and  therefore  the  sam- 
ple variance  of  p^   also  has  the  form 

-P,  =  P,'    J^.    Ph  '    Sp,- 

h  =  i 

Let  Y  denote  the  future  lifetime  of  an  individual  at  age 
X  ;  the_observed  expectation  of  life  e  ^  is  simply  the  same 
mean  Y    of  the  /    values  of  Y,  or 


These  values  of  Y  are  recorded  in  the  life  table  in  the 
form  of  a  frequency  distribution  in  which  d;  is  the  fre- 
quency in  the  interval  (Xj,  x_^j),  i  =  a,  a  +  1 w. 

On  the  average,  each  of  the  d^  individuals  lives  x^  time 
units  plus  a  fraction  of  a^  of  the  interval  (x^,  x^^j),  or 
X.— x    -f  an  time  units  beyond  x  ;  that  is,  for  each  of 
the  J  f  individuals, 


Y    =  x    —  x    +  an,  i  =  a,  a+1,   .   .   .   ,  w 

a  I  oi  11 

In  this  case,  n^  is  the  length  of  the  typical  ith  interval  i 
an  abridged  table,  or  n^  =  x^^,—  x^,  which  is  greater 
than  one  time  unit. 
The  samiple  mean  of  Y^  can  then  be  expressed  as 

1 


e    =  Y    = 


^        (X, 


X    +  an  )d 


and  the  sample  variance  of  Y    as  ■ 

Therefore,  the  sample  variance  of  the  sample  mean  Y_^, 
or  S  .  is  given  by 

1 

T 


Se^  = 


S^Y 


Se  2  =   -^    L      [(X,  -  X,  -f  a,n,)  -  ej-'d, 


Beetle  Life  Stage  Models 

Using  data  obtained  by  sampling  for  life  tables,  sur- 
vival of  the  various  beetle  stages  was  modeled  in  rela- 
tion to  lodgepole  pine  size,  from  endemic  through  the 
epidemic  and  postepidemic  stages.  Later,  these  data 
were  linked  by  life  stage  to  stand  characteristics  and 
stand  mort£ility.  These  models  portray  smoothed  insect 
density  trends  over  years  by  life  stage  and  size  of  in- 
fested tree. 

Data  analysis  consisted  of  plotting  brood  densities  fo: 
each  hfe  stage  over  d.b.h.  of  the  infested  tree  and  ob- 
served year  of  the  infestation.  Data  are  presented  on  th 
basis  of  diameter  rather  than  phloem  thickness,  the  mai 
determinant  of  mountjiin  pine  beetle  brood  production,  | 
because  much  of  the  data  through  the  main  years  of  th(; 
epidemic  were  taken  before  recognition  of  the  important 
of  phloem  thickness.  However,  the  relation  of  phloem  to 
diameter  is  firmly  estabhshed  (Amman  1969,  1975,  197^ 
D.  M.  Cole  1973).  Trends  smoothed  in  accord  with  expeti 
tation  over  both  d.b.h.  and  year  were  established 
through  these  points.  The  resulting  surfaces  were 
described  mathematically  using  techniques  presented  b> 
Jensen  and  Homeyer  (1970,  1971)  and  Jensen  (1973).  Th 
appendix  contains  FORTRAN  statements  of  the  mathe- 
matical descriptions  (Cole  and  others  1976). 

Each  model  was  first  developed  graphically  using  ex- 
pectation, known  constraints,  and  apparent  data  trends 
in  arriving  at  smoothed  curve  forms.  These  were  fitted 
through  the  data  by  approximate  "least  deviations."  Th 
resulting  graphic  forms  were  described  algebraically. 
These  descriptors  were  given  a  simple  adjustment  (<5 
percent  in  all  cases)  to  their  respective  data  sets  that 
consisted  of  the  ratio  of  the  sum  of  the  descriptor  vjJuel 
for  the  observations  to  the  sum  of  the  actual  values. 

Eggs.— Within  any  year  of  the  infestation,  egg  densitj 
increased  with  diameter.  This  positive  relation  was 
weakly  displayed  in  years  3  to  6  and  more  strongly  dis- 
played in  years  7  to  12  (fig.  lA).  This  was  the  net  result 
of  more  attacks  and  related  increased  oviposition  in  the 
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larger  thick-phloem  trees  early  in  the  epidemic.  Of  par- 
ticular interest  was  the  increase  in  egg  density  beyond 
the  peak  year  of  emergence  (year  8).  Apparently,  the 
population  and  attack  density  remEiins  high  past  the 
peak  of  the  epidemic.  Egg  density  declined  slightly  in 
year  13,  about  3  years  after  emergence  had  returned  to 
the  endemic  level.  Beetles  attack  fewer  trees  but  at  a 
greater  density  (Klein  and  others  1978)  following  the 
peak  of  the  epidemic. 

Small  larvae.— Survival  of  small  larvae  through  the 
winter  (fig.  IB)  also  increased  with  diameter  and  peaked 
in  the  10th  year,  2  years  before  peak  egg  deposition. 
This  positive  d.b.h.  effect  existed  in  all  but  year  12,  and 
in  about  half  of  those  years  the  effect  was  weak.  The 
negative  effect  in  year  12  was  strong.  However,  the  bulk 
of  evidence  indicated  a  positive  d.b.h.  effect,  and  this 
was  imposed  on  year  12,  also.  The  decHne  m  survival 
that  starts  with  the  11th  year  probably  is  related  to  in- 
traspecific  larval  competition  (within  broods)  that  con- 
tinues to  intensify  as  egg  gallery  starts  and  inches  in- 
crease with  years  (fig.  2). 

Large  larvae.— Survival  in  the  large  larval  stage  (fig. 
IC)  peaked  in  year  8,  which  was  2  years  before  the  peak 
of  small  larvae.  Large  larval  survivfil  was  relatively 
steady  from  year  to  year  within  all  diameter  classes  dur- 
ing the  endemic  period  (years  1  to  5).  However,  survival 
increased  substantially  in  years  6  to  8. 

Low  density  of  large  larvae  occurs  during  the  endemic 
years,  the  result  of  low  levels  of  attack  and  gallery  den- 
sity; hence,  low  density  of  eggs  laid  per  unit  of  bark  (fig. 
lA).  Laboratory  studies  demonstrated  that  beetle  emer- 
gence is  directly  related  to  inches  of  egg  gallery  when 
phloem  is  underutilized  (fig.  3;  Amman  1972).  As  the  in- 
festation progresses  and  egg  galleries  increase,  an  appar- 
ent optimum  is  reached  when  maximum  numbers  of 
large  larvae  per  unit  of  phloem  occur  (year  8).  After  year 
8,  increased  competition  among  larvae  (between  galler- 
ies), but  particularly  increased  drying,  probably  causes 
reduced  survival.  Increases  in  attack  density  and  egg 


gallery  density  do  not  cause  a  decline  in  beetle  survival 
per  unit  area  for  any  given  phloem  thickness  in  the 
laboratory  when  material  remeiins  moist  throughout  bed 
tie  development  (Amman  and  Pace  1976).  However,  in 
the  field,  construction  of  egg  galleries  promotes  drying 
of  the  phloem,  especially  when  gallery  density  is  high. 
Drying  also  is  enhanced  by  large  numbers  of  feeding  la 
vae  as  they  exhaust  the  available  phloem. 

Adults.— Adult  density  trends  are  similar  to  those  of 
large  larvae,  but  at  a  reduced  level,  with  the  peak  still 
occurring  in  year  8  (fig.  ID).  When  development  reache; 
the  large  larval  stage,  a  high  probabihty  exists  that  lar 
vae  will  also  reach  the  adult  stage.  Final  emergence  wa: 
highly  correlated  with  numbers  of  individuals  in  the 
large  larval  stage.  Emergence  within  a  diameter  class    ' 
was  fairly  steady  during  the  endemic  period  (years  1  to 
5)  but  was  greater  in  large  diameter  trees. 

The  transition  of  the  infestation  from  endemic  to  epi-  i 
demic  is  dependent  upon  successful  infestation  of  large  i 
trees,  where  beetle  production  per  parent  is  high  (fig.  4)  i 
Toward  the  latter  years  of  the  epidemic  (years  11  to  13) 
only  large  trees,  on  the  average,  could  be  expected  to 
produce  enough  brood  to  keep  the  infestation  going. 
However,  by  this  time,  few  such  trees  remain  in  a  stand 

Mortality  factors  acting  on  mountain  pine  beetle  popu 
lations  have  been  evaluated  (Cole  1974,  1981).  However 
none  of  these  appear  to  regulate  the  beetle  population  ai 
a  level  that  saves  trees.  An  epidemic  runs  its  course, 
killing  most  of  the  large  diameter  trees,  then  declines 
when  beetles  have  only  small  diameter  trees  to  infest. 
Beetles  must  either  emigrate  from  the  stand  (Klein  and 
others  1978)  or  infest  the  small  remaining  trees  in  which 
brood  production  is  low  because  of  thin  phloem  and  ex- 
cessive drying  during  beetle  development.  Therefore,  the 
strong  expectation  for  a  positive  d.b.h.  effect  appears 
correct  when  considering  tree  mortality  and  brood  den- 
sity. These  have  been  reasonably  well  established  by 
both  laboratory  and  field  work. 
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EGG  GALLERY  (IN/ FT' I 

Figure  3.— Relation  between  number  of 
emerging  brood  adults  of  the  mountain  pine 
beetle  and  incties  of  egg  gallery  made  by 
parent  adults  in  thiick  ptiloem  (0. 16  to  0.26 
inct)  or  4.1  to  6.6  mm  thick:  v  =  3.26  + 


0.0408  fx'Sj;  s^ 
1972). 


24:  r^  =  0.52)  (Amman 


Beetle  Dispersion  and  Aggregation  Models 

Upon  completion  of  development,  most  of  the  new 
mountain  pine  beetle  adults  emerge  in  late  July  and 
early  August.  They  disperse  and,  when  a  green  tree  is 
attacked  by  one  or  a  few  beetles,  the  aggregation  phero- 
mone  is  released  that  attracts  many  beetles  for  a  mass 
attack  of  the  tree. 

Dispersion/aggregation  model.— Burnell  (1977)  devised 
an  elegant  model  that  disperses  the  beetles  based  on  a 
random  distribution  that,  one  could  argue,  is  a  rarity  in 
nature.  He  used  three  assumptions  in  dispersal/ 
aggregation: 

1.  Pioneer  beetles  attack  with  random  distribution 
over  the  available  bark  surface. 

2.  A  tree  has  a  threshold  of  aggregation  that  is  re- 
quired to  induce  aggregation. 

3.  Any  tree  becoming  an  aggregator  will  be  mass  at- 
tacked and  killed. 

He  assumed  the  tree  surface  areas  are  measured  in 
equivalent  units.  Then  the  pioneer  beetle  attack  density 
per  unit  could  be  estimated  using  the  Poisson  distribu- 
tion function,  and  the  probability  of  having  one  or  more 
pioneer  beetles  attack  could  be  calculated.  The  threshold 
of  aggregation  was  estimated  based  on  the  number  of 
square  units  of  the  tree  that  must  be  attacked  by  one  or 
more  pioneer  beetles  to  induce  aggregation.  Thus,  the 
probability  of  the  tree  becoming  an  aggregator  could  be 
calculated. 

The  mortality  prediction  model  assumed  that  the 
threshold  of  aggregation  is  uniform  across  both  diameter 
and  years  within  an  epidemic.  Thus,  surface  killed  was 
estimated  for  the  stand.  However,  for  each  year,  the 
predicted  surface  area  mortality  was  forced  to  be  the 
same  as  that  observed  by  adjusting  the  pioneer  beetle 
attack  density.  Therefore,  using  Burnell's  (1977) 
equation  to  determine  the  threshold  of  aggregation 
minimizes  the  difference  between  predicted  and  residual 
stands. 


Figure  4.— Ratio  of  emergence  to  attack  den- 
sities by  2-inch  (5. 1-cm)  diameter  classes 
during  a  mountain  pine  beetle  epidemic 
(Klein  and  others  1978). 
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Burnell  determined  the  thresholds  of  aggregation  for 
four  plots.  One  plot,  Hell  Roaring  Creek,  with  a  rather  ' 
high  threshold  of  aggregation  but  also  high  attack 
densities  and  host  resinosis,  was  interpreted  as  being 
more  resistant  to  attack  than  the  other  stands.  Burnell [ 
interpreted  this  as  a  stand  resistance  measure.  Howevel 
subsequent  years  of  infestation  proved  this  incorrect  asl 
large  numbers  of  trees  were  killed.  i 

Burnell's  model  shows  that  in  the  early  part  of  the  eji 
demic  the  pioneer  density  is  low  and  the  comparative 
probability  of  large  tree  mortality  versus  small  tree  mor' 
tality  is  large.  As  the  epidemic  progresses,  pioneer  den- 
sity rises  and  smaller  trees  are  attacked  because  of  this 
and  the  depletion  of  larger  trees.  Toward  the  end  of  the 
epidemic,  pioneer  beetle  density  decreases  because  emer 
gence  from  infested  trees  declines  and,  as  a  result,  the 
epidemic  collapses.  However,  data  taken  from  many  epi- 
demics (Cole  and  others  1976)  show  that  gallery  starts 
(the  positive  results  of  attack  densities)  are  greater  in 
the  early  stages  of  an  epidemic  (fig.  2),  decreasing  in  thf 
midyears,  and  increasing  again  in  the  latter  years. 

Aggregation/susceptibility  model.— Geiszler  emd  others' 
(1980)  developed  a  mathematical  model  to  (1)  describe 
beetle  aggregation  and  (2)  predict  the  relation  of  tree 
susceptibility  and  switching  to  changes  in  beetle  density 
The  term  "switching"  is  defined  as  the  phenomenon  of 
incoming  beetles  attacking  an  adjacent  recipient  tree 
after  the  focus  (first)  tree  had  been  attacked  by  the  first 
arriving  beetle.  This  receipient  tree  is  quickly  mass- 
attacked  and  killed  more  readily  than  the  focus  tree. 
These  authors  found  that,  when  switching  occurs,  the 
beetles  usually  attack  trees  with  a  diameter  greater  thar 
the  average  in  the  stand.  This  then  enhances  beetle  sur 
vival  because  larger  trees  usually  have  thick  phloem. 
There  are  at  least  three  other  conceptuEil  models 
describing  the  switching  process  of  attacking  bark 
beetles.  Geiszler  and  others  (1980)  labeled  them  as: 

1.  Passive  model  when  the  signal  to  switch  is  due  to 
lack  of  resin  exudation  (Renwick  and  Vite  1970). 
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2.  Threshold  model  when  the  attractive  pheromone, 
fans-verbenol,  is  assumed  to  be  the  cause  of  switching 
Foster  and  Gara  1968). 

3.  Repelling  model  when  both  trans-verbenol  and  a 
epelling  pheromone  reach  concentrations  that  cause 

7  witching  (Rudinsky  and  others  1974). 
'  In  developing  the  Geiszler  and  others  model  to  de- 
cribe  daily  number  of  beetle  attacks  on  the  lower  7.9  ft 
2.4  m)  of  a  single  tree,  primary  factors  assumed  to  con- 
rol  the  attack  pattern  were  attraction,  repellence,  and 
lost  factors  that  affect  successful  beetle  colonization. 
Attraction  was  assumed  to  depend  primarily  upon  the 
mount  of  attractant  released,  the  population  density  of 
lying  beetles,  and  meteorological  conditions.  Attraction 
.ras  then  modeled,  based  upon  the  amount  and  emission 
ate  of  trans-verbenol  for  2  days.  Repellence  was 
lodeled  on  the  assumption  that  the  repellent  concentra- 
ion  increased  linearly  with  the  cumulative  number  of 
.ttacks.  Resistance,  by  the  tree,  to  aggregation  was 
lodeled  by  determining  the  number  of  unsuccessful 
ttacks  each  day  of  the  study.  Thus,  the  main  factors  of 
ggregation  were  accounted  for  and  the  temporal  pattern 
if  attack  was  modeled.  This  model  was  then  used  to 
imulate  the  daily  and  cumulative  number  of  attacks  on 
he  focus  tree. 

The  attraction  coefficient  values  varied,  suggesting 
[hat  (1)  each  tree's  attractive  qualities  were  different,  (2) 
he  local  beetle  population  density  at  each  tree's  site  was 
lifferent  and  compensated  for  by  adjusting  the  attrac- 
ant  and  coefficient,  or  (3)  both.  Repellence  also  varied 
jid  was  positively  correlated  with  total  number  of 
ttacks  and  tree  diameters.  Inclusion  of  tree  resistance 
nto  the  model  had  little  or  no  effect  on  the  predictions, 
iue  to  a  rapid  attack  rate  at  population  levels  during 

jd   his  study. 

Geiszler  and  others  concluded  from  their  model  that,  if 

tl   he  total  attacks  on  a  tree  are  limited  by  a  repelling 
nechanism  at  high  population  densities,  and  the  number 
if  repelled  beetles  is  large,  these  repelled  beetles 
'switch"  from  the  focus  tree  to  attack  adjacent  trees  in 
iverwhelming  numbers.  They  also  considered  switching 
ittacks  a  critical  factor  contributing  to  outbreaks.  Fur- 
her,  if  switching  can  be  disrupted  (for  instance,  by  thin- 
ling  stands),  the  repelled  beetles  will  disperse,  numbers 
vill  be  reduced,  and  fewer  attacks  will  occur  in  a  new 
irea.  Most  previous  studies  have  been  concerned  with 
lost  attraction,  physiological  responses,  stand  factors, 
limate,  age,  and  other  factors.  This  study  was  one  of 
he  few  (if  not  the  only  study)  to  consider  population 
lensity  of  the  flying  beetles.  Failing  to  include  popula- 
ion  density  in  these  other  studies,  particularly  the  tree 
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susceptibility/resistance  studies,  may  be  the  reason  so 
many  inconsistencies  resulted.  The  results  from  this 
modeling  of  aggregation  clearly  indicate  that  population 
density  is  important  to  colonization  of  the  tree,  the 
number  of  beetles  repelled,  and  subsequent  switching 
from  the  focus  tree.  The  results  were  verified,  cor- 
respondingly, to  field  observations. 

Stand-Beetle  Models 

Interactions  of  the  beetle  with  the  infested  trees,  and 
tree  losses  to  the  beetles  within  stands,  follow  a  predict- 
able pattern.  The  green  stand  in  which  a  beetle  epidemic 
might  be  expected— trees  4  inches  (10.2  cm)  d.b.h.  and 
larger— contains  a  relatively  large  proportion  of  trees 
over  12  inches  (30.5  cm)  in  diameter  (22  percent  in  the 
case  described  here,  fig.  5).  A  large  proportion  of  trees 
12  inches  d.b.h.  and  larger  provides  the  threshold  food 
supply  necessary  for  am  epidemic  because  of  the  thick 
phloem  found  in  such  trees  (Cole  and  Cahill  1976).  The 
epidemic  potential  exists  primarily  under  optimal  tem- 
peratures for  beetle  development  (Amman  and  Baker 
1972;  Amman  1973;  Safranyik  and  others  1974). 


OBH  llnchn) 


Figure  5.— Green  stand  structure  of  lodge- 
pole  pine  at  the  beginning  of  the  mountain 
pine  beetle  infestation  (Cole  and  others 
1976). 

Losses  of  lodgepole  pine  over  the  main  epidemic  years 
are  proportionately  much  greater  in  the  large  diameter 
classes  (fig.  6A).  Most  tree  losses  occurred  during  a 
6-year  period.  Cumulative  losses  show  that  most  large 
diameter  trees  were  killed  during  the  infestation  (fig. 
6B).  Losses  ranged  from  about  84  percent  of  the  large 
trees  to  about  40  percent  of  the  small  trees.  Losses 
shown  are  typical  for  stands  of  trees  of  similar  size  and 
distribution  at  similar  elevations  and  latitudes  in  north- 
western Wyoming  and  southeastern  Idaho  (Amman  and 
Baker  1972). 
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YEAR  OF  INFESTATION 


VEAROF  INFESTATION 


Figure  6.— Losses  of  lodgepole  pine  by  diameter  class  and  year  during  an  infestation 
of  the  mountain  pine  beetle.  A.  Annual  mortality  percent  of  original  stand  (r^  =  0.36; 
P<0.00lj:  B.  cumulative  mortality  percent. 


Stand-beetle  interaction  models.— Stand  models  and 
beetle  models  were  incorporated  for  selected  years  span- 
ning the  infestation  to  show  interactions.  When  compar- 
ing the  green  stand  and  tree  mortality  models  with  the 
beetle  brood  models  for  the  main  epidemic  years,  the  fol- 
lowing years  essentially  correspond:  residual  stand  or  an- 
nual mortality  model  year  1  =  beetle  model  years  1 
through  5;  2  =  6;  3  =  7;  4  =  8  (peak  year);  5  =  9;  6  = 
10;  and  7  =  11  through  13.  Figure  7A  represents  a  year 
when  the  beetle  population  was  endemic.  Curves  by  bee- 
tle stages  show  expected  survival  in  a  tree  of  any 
specific  diameter,  if  it  becomes  infested. 

During  year  8,  both  emergence  and  tree  losses  peaked 
(fig.  7B).  Compared  to  year  1,  both  egg  density  and 
adult  emergence  approximately  doubled.  The  fact  that 
gallery  inches  and  egg  densities  continue  to  rise  in  fol- 
lowing ye£irs,  but  emergence  declines,  indicates  that  gal- 
lery density  and  subsequent  larval  population  reached  an 
optimum  in  year  8.  Cumulative  tree  mortality  is  sub- 
stantial, with  about  half  the  trees  killed  by  year  8.  Nu- 
merically, losses  appear  similar  for  the  different  diameter 
classes.  Proportionately,  however,  losses  are  much 
greater  for  the  large  diameter  classes. 


Year  10  (fig.  7C)  shows  a  large  increase  in  eggs,  but 
the  number  of  small  larvae  surviving  through  the  winte 
was  about  the  same  as  in  year  8,  and  the  number  of  sui 
viving  large  larvae  was  much  reduced.  Emergence  now 
approximates  the  level  that  occurred  during  the  endemi 
period  (fig.  7A),  but  tree  losses  do  not.  Cumulative  tree 
losses  (50  percent)  in  year  8  have  increased  to  83  per- 
cent by  year  10  (fig.  7C),  primarily  because  of  high  eme 
gence  and  correspondingly  high  tree  losses  during 
year  9. 

In  year  12  (fig.  7D),  the  high  egg  densities  resulted  ir 
high  larval  mortaility,  probably  from  severe  competition 
for  food  and  drying  of  phloem.  Subsequent  emergence,  : 
accordance  with  expectations,  was  even  lower  than  in 
preepidemic  years  (1  through  5).  Emergence  should  re- 
turn to  these  levels  when  egg  gallery  densities  return  t< 
their  original  endemic  levels  (year  1).  By  year  12,  cu- 
mulative tree  mortality  had  leveled  off  and  annuad  tree 
mortality  had  returned  to  the  endemic  level.  Cumulativi 
losses  in  the  stand  do  not  appear  overwhelming  (fig.  7E 
However,  most  of  the  trees  that  were  over  12  inches 
(30.5  cm)  d.b.h.  had  been  killed.  Mortedity  ranged  from 
42  percent  of  the  12-inch  trees  to  84  percent  for  trees  3 
inches  (76.2  cm)  £uid  over. 
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In  the  interaction  models  (Cole  and  others  1976),  the 
close  association  of  beetle  dynamics  with  numbers  and 
sizes  of  trees  that  are  infested  can  be  seen  at  any  point 
in  the  epidemic.  For  example,  emergence  diminishes 
rapidly  as  the  large  trees  are  killed.  Beetles  then  tend  to 
infest  a  higher  proportion  of  smaller  trees.  Coincident 
with  this  are  increased  numbers  of  gallery  starts,  gallery 
inches,  and  subsequent  egg  densities.  These  continue  to 
rise  through  year  12,  even  though  emergence  has 
declined  drastically.  Brood  in  small  trees  having  thin 
phloem  tend  on  the  average  to  have  higher  proportions 
of  females  than  are  found  in  lai-ge  trees  having  thick 
phloem  (fig.  8),  because  females  survive  better  under 
stress  than  males.  W.  E.  Cole  (1973)  demonstrated  that 
females  survived  in  greater  proportion  than  males  when 
crowding  of  larvae  increased,  and  Amman  and 
Rasmussen  (1974)  found  that  female  survival  was 
greater  than  that  of  males  when  drying  of  bark 
increased. 
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Figure  8.— Proportion  of  female  mountain  pine  beetles 
per  tree  in  the  emerging  population  from  infested 
lodgepote  pine  on  tfie  Wasatcti  National  Forest.  1972 


to  1974.  Y  =  91.8  -   1.68x:  s 
P<  0.025  (Cole  and  others  19 


13.1:  r^  =  0.13: 


S). 


The  increase  in  density  of  gallery  starts  and  subse- 
quent gallery  inches  may  be  related  to  a  changing  sex 
ratio  in  the  beetle  population  (fig.  9)  (Amman  and  Cole 
1983),  as  related  to  the  beetles'  aggregative  and  anti- 
aggregative  pheromone  system.  Starting  about  the  time 
of  peak  emergence  (year  8),  it  appears  that  insufficient 
males  exist  to  mate  most  females  in  a  relatively  short 
time.  Hence,  unmated  females  continue  to  produce  the 
aggregative  pheromone,  trans-verbenol,  which  attracts 
additional  females.  Male  and  mated  female  mountain 
pine  beetles  produce  an  antiaggregative  pheromone  that 
stops  additional  attacks  on  the  tree  (Rudinsky  and 
others  1974). 

A  synoptic  model  showing  the  overall  beetle-stand  dy- 
namics is  presented  in  figure  10.  Survival  of  females  is 
greater  than  males  within  small  diameter  trees  that  are 
infested  during  early  stages  of  stand  development.  At- 
tack densities  of  beetles  are  high  at  this  time,  although 
limited  to  the  base  of  the  tree,  and  are  related  to  the  low 
proportion  of  males  in  the  population.  Males,  either  upon 
reaching  a  tree  under  attack  or  upon  mating,  along  with 
mated  females,  release  a  chemical  messenger  (pheromone) 
that  signals  arriving  females  that  the  tree  is  occupied. 


d.  b.  h.  (IN) 

Figure  9.— Sex  ratios  of  mountain  pine  bee- 
tle populations  differ  by  diameter  of  lodge- 
pole  pine  and  year  of  infestation. 
Wasatch-Cache  National  Forest.  UT. 
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thus  countering  the  aggregative  pheromone  of  the  un- 
mated female  beetle  (Rudinsky  1968).  With  few  males 
present,  the  buildup  of  the  antiaggregative  pheromone  is 
slow.  This  results  in  a  high  attack  density,  thereby  limit 
ing  brood  production  to  some  extent.  However,  on  the 
positive  side  for  such  a  behavioral  mechanism  is  that 
sufficient  population  is  usually  attracted  to  kill  a  tree, 
thus  assuring  some  brood  production. 

As  the  stand  grows  into  pole  sizes,  with  some  trees  exi 
ceeding  16  inches  (41  cm)  d.b.h.,  more  food  in  the  form 
of  phloem  is  available;  and  the  sapwood  of  the  large 
trees  is  thick  so  that  excessive  drying  does  not  occur 
during  beetle  brood  production.  Beetle  production  is 
usually  low  in  the  widely  scattered,  small  diameter  trees 
infested  during  the  endemic  population  phase.  When 
several  of  these  infested  trees  are  in  close  enough  prox- 
imity that  emerging  brood  key  on  and  infest  a  common 
tree  of  large  diameter  with  thick  phloem,  brood  produc- 
tion is  greatly  increased.  In  such  trees,  production  of 
males  and  females  becomes  more  even.  A  more  even  sex 
ratio  has  been  associated  with  reduced  attack  density 
because  adequate  numbers  of  males  are  present  to 
rapidly  mate  all  females,  resulting  in  a  high  concentra- 
tion of  antiaggregative  pheromone  that  stops  additional 
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Figure  10.— A  synoptic  model  of  the  overall 
mountain  pine  beetle-lodgepole  pine  stand 
dynamics. 
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male  attacks.  The  result  is  increased  beetle  production, 
Uowed  by  a  rapid  increase  in  infested  trees  as  the  bee- 
3  population  disperses  more  efficiently  over  attacked 
ees. 

When  most  of  the  large  diameter  trees  (which  usually 
ive  thick  phloem)  are  killed,  the  beetles  infest  progres- 
vely  smaller  diameter  trees  (Cole  and  Amman  1969; 
lein  and  others  1978).  Conditions  in  these  trees  are 
milar  to  those  in  trees  attacked  early  in  the  infestation 
/cle— thin  phloem  and  excessive  drying.  Brood  produc- 
on  is  low  and  sex  ratio  shifts  back  toward  females  in 
ach  trees.  After  the  initial  infestation  in  a  stand,  which 
lay  require  60  to  80  years,  successive  outbreaks  can  be 
spected  in  20-  to  40-year  intervals  (Roe  and  Amman 
970).  Residual  trees  are  4  to  10  inches  (10.2  to  25.4  cm) 
b.h.,  with  a  few  trees  greater  than  10  inches  missed  by 
be  beetle.  Because  of  the  thinning  of  the  stand  by  the 
eetles,  additional  growing  space  is  provided  and,  within 
few  years,  substantial  ingrowth  occurs  (Klein  1978). 
l^ithin  the  20-  to  40-year  period,  enough  large  diameter 
rees  with  thick  phloem  are  aveiilable  for  another  beetle 
utbreak  to  occur.  In  this  conceptual  model,  beetle  dy- 
amics  are  tied  to  tree  and  stand  dynamics.  Stress  of 
rees  or  stands  is  not  necessary  for  beetles  to  become 
pidemic.  As  beetle  numbers  build  up,  they  are  able  to 
ifest  and  kill  any  of  the  trees. 
Tree  and  stand  stress  as  a  factor.— The  Cole,  Amman, 
fensen  efforts  have  avoided  tree  and  stand  stress  factors 
jstlis  important  in  the  dynamics  of  mountain  pine  beetle  in 
odgepole  pine.  They  use  tree  diameter  as  the  important 
lement  for  outbreaks  to  occur.  Larger  trees  have  thick 
)hloem,  which  is  associated  with  characteristics  of  good 
;ree  vigor  (D.  M.  Cole  1973). 

However,  Berryman  (1976)  and  Safranyik  and  others 
1975)  introduce  the  element  of  tree  and  stand  stress  as 
sssential  for  outbreaks  to  occur.  Stress  is  deemed  neces- 
sary because  large  diameter  trees  with  thick  phloem  are 
the  most  vigorous  in  the  stands  (D.M.  Cole  1973; 
Shrimpton  1973;  Roe  and  Amman  1970).  Stress  is  con- 
st sidered  needed  in  order  for  beetles  to  overcome  the  trees' 
resinous  defenses.  The  higher  attack  densities  on  large 
diameter  rather  than  on  small  diameter  trees  (Cole  and 
others  1976;  Klein  and  others  1978)  are  a  direct  response 
of  the  beetles  to  vigor  of  these  trees.  The  Berryman 
(1976)  model  consists  of  three  variables— phloem 
thickness,  tree  resistance,  and  assumed  replacement 
productivity  level  for  the  mountain  pine  bettle.  Stand  or 
tree  resistance  is  measured  by  periodic  growth  ratios 
(PGR), 
„  current  5  years  radial  growth 

rUK  —    : TT—. r- 

previous  5  years  radial  growth 

(Mahoney  1978),  or  a  stand  hazard  rating  (SHR),  SHR  = 
CCF  X  %LPPBA  (lodgepole  pine  basal  area)(Schenk  and 
others  1980).  For  a  discussion  of  CCF  (crown  competi- 
tion factor)  see  Krajicek  and  others  (1961).  The  theoreti- 
cal model  shows  that,  as  phloem  thickness  increases  and 
stand  resistance  decUnes,  beetle  production  increases, 
thus  increasing  the  chances  for  a  beetle  outbreak. 
Stands  that  contain  less  than  10  percent  of  basal  area  in 
trees  with  phloem  >:0.1  inch  (2.5  mm)  thick  have  little 
or  no  chance  of  mountain  pine  beetle  outbreak  (Berry- 
man 1978). 


Another  idea  recently  introduced  as  a  way  to  deter- 
mine susceptibility  of  trees  and  stands  to  mountain  pine 
beetle  infestation  is  growth  efficiency  (Waring  and 
Pitman  1980).  Only  those  trees  with  low  growth  effi- 
ciency are  beheved  to  be  susceptible  to  successful 
infestation  by  mountain  pine  beetle.  The  established  rela- 
tion between  conifer  foliage  mass  and  sapwood  area 
makes  growth  efficiency  relatively  easy  to  measure 
(Grier  and  Waring  1974). 

A  test  of  SHR  and  PGR  (McGregor  1978;  McGregor 
and  others  1981)  showed  that  mortality  is  inversely, 
rather  than  directly,  related  to  SHR,  and  that  mortality 
is  directly  related  to  PGR  rather  than  inversely,  as  re- 
quired by  the  theoretical  model  (Berryman  1976). 
McGregor  and  others  (1981),  in  an  examination  of  62 
lodgepole  pine  stands  in  Montana,  demonstrated  that 
percentage  lodgepole  pine  mortality  increased  with 
reduced  CCF  (fig.  11).  Stands  examined  were  100  percent 
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Figure  11.  — Losses  of  lodgepole  pine  are  in- 
versely related  to  CCF  for  62  stands  in  Mon- 
tana, 1978  to  1979.  Note:  Data  transformed, 
Y'  =  V  TT  3/8  :  r^  =  0.57:  P<0.01. 

or  nearly  100  percent  lodgepole  pine;  therefore,  SHR  — 
CCF.  Using  the  growth  efficiency  method  (Waring  and 
Pitman  1980),  four  of  five  stands  measured  on  the 
Targhee  National  Forest  showed  no  difference  between 
grams  of  wood  per  square  meter  of  foliage  for  surviving 
and  killed  trees  (P  >  0.05)  (table  16).  A  significant 
difference  was  shown  in  the  fifth  stand  (P  <  0.001);  in- 
fested trees  showed  lower  growth  efficiency  than 
residual  green  trees.  However,  dominant  and  codominant 
green  trees  were  compared  with  all  trees  killed  by  moun- 
tain pine  beetle  regardless  of  crown  class,  in  all  stands 
and  were  much  younger.  Therefore,  the  data  are  biased 
toward  green  trees.  Using  the  Berryman  model  (1978)  all 
five  stands  were  classed  low  in  susceptibility  even 
though  three  of  them  had  22  to  30  percent  of  the  lodge- 
pole killed  by  beetles. 

It  could  be  argued  that,  once  populations  build  up,  the 
relation  between  the  beetle  and  vigor  of  the  tree 
changes.  Whether  a  tree  can  be  successfully  infested  is  a 
function  of  attack  density;  that  is,  the  number  of  availa- 
ble beetles.  In  other  words,  when  beetles  are  plentiful, 
any  tree  can  be  infested  successfully.  At  low  population 
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Table  16.— Comparisons  of  lodgepole  pine  growth  efficiency  (Waring  -  Pitman  method)  and  periodic 
growth  ratios  (Mahoney  method)  between  surviving  trees  and  trees  killed  by  mountain 
pine  beetles,  Targhee  National  Forest,  ID,  1980 


Grams 

of  wood 

pe 

'  m^  foliage^ 

Periodic  growth  rate^ 

Plot 

Green 

Infested 

Green 

Infested 

trees 

trees 

t-test 

trees 

trees 

t-test 

Horseshoe- 

Packsaddle 

56.4 

58.9 

P  >  0.500  NS 

0.884 

0.873 

P  >  0.100  NS 

Pine  Creek 

67.0 

60.0 

P  >     .400  NS 

.939 

1.018 

P  <     .001  S 

Indian  Lake 

91.2 

75.3 

P  >     .050  NS 

1.271 

1.303 

P  >     .100  NS 

Moody  Meadows 

76.0 

97.4 

P  >     .200  NS 

1.067 

1.080 

P  >     .500  NS 

Warm  River 

120.9 

63.6 

P  <     .001  S 

.879 

.917 

P  <     .020  S 

'Susceptibility  to  beetle  infestation: 

Higti  =  10-50 

Moderate  =  51-100 

Low  =   >  100. 
^Susceptible  to  attack  =   <  0.90. 
Resistant  to  attack  =    >  0.90. 

levels  difficulty  in  making  a  successful  attack  could  be 
expected.  In  the  Moody  Meadows  stand  on  the  Targhee 
National  Forest,  the  fewest  infested  trees  occurred— four 
infested  trees  over  4  years  =  0.53  tree  per  acre  (1.31/ha) 
per  year.  Even  at  this  low  infestation  rate,  PGR's  of  in- 
fested trees  ranged  between  0.88  and  1.27  (x  =  1.08). 
Diameters  ranged  between  10  and  19  inches  d.b.h.  (25  to 
48  cm),  with  the  19-inch  tree  having  a  PGR  of  1.21. 
Grams  of  wood  per  square  meter  of  foliage  averaged 
97.4  (range  67  to  113).  Two  of  the  three  trees  (sapwood 
was  not  measured  on  the  fourth  tree)  exceeded  100  g/m^. 
Trees  exceeding  that  rate  have  low  susceptibility  to  bee- 
tle infestation  (G.  B.  Pitman,  letter  dated  March  25, 
1982).  If  CCF,  PGR,  and  grams  of  wood  per  square 
meter  of  foliage  are  indeed  good  measures  of  tree  and 
stand  vigor,  then  the  relation  of  mountain  pine  out- 
breaks to  these  variables  appears  to  be  reversed.  Infesta- 
tions tend  to  increase  rather  than  decline  with  these 
measures  of  tree  and  stand  vigor. 

Stand  growth  stress  and  beetle  model.— Stress  as  a 
factor  in  a  stand  growth-beetle  model  was  introduced  by 
Crookston  and  others  (1978).  Stand  stress,  based  on 
PGR  (Mahoney  1978),  is  used  as  a  mechanism  of  trigger- 
ing an  epidemic.  The  mountain  pine  beetle  portion  is 
comprised  of  two  major  components.  The  first  is  a  flight 
and  attack  model  that  includes  submodels  of  emergence, 
distribution,  flight  mortality,  and  effect  of  beetle- 
aggregating  pheromones.  Trees  that  are  attacked  and 
killed  are  based  on  the  dispersal-aggregation  model  of 
Burnell  (1977). 

This  beetle  model  has  been  added,  as  an  extension,  to 
the  stand  growth  prognosis  model  for  stand  development 
(Stage  1973).  The  linkage  is  presented  by  Crookston  and 
others  (1978).  There  are  three  main  components: 

1.  The  decision  algorithm  that  controls  when  the  out- 
break will  occur. 

2.  The  data  transmission  algorithm  that  derives  re- 
quired stand  parameters. 

3.  The  damage  algorithm  that  reduces  the  tree 
population. 

The  conceptual  program  flow  is  shown  in  figure  12. 
The  probability  of  an  outbreak  occurring  is  based  on 


crown  competition  factor  and  the  proportion  of  basal 
area  in  lodgepole  pine  (Schenk  and  others  1980).  How- 
ever, the  relation  of  CCF  and  susceptibhty  to  mountain 
pine  beetle  infestation  may  be  valid  only  for  a  small  part 
of  the  lodgepole  pine  type  (Amman  in  press). 

Output  of  the  model  is  expected  stand  development 
from  time  of  inventory  until  specified  rotation.  When  a 
beetle  epidemic  is  simulated,  information  about  expected  1 
dynamic  beetle-tree  interactions  is  generated,  including     J 
numbers  of  Uve  and  dead  trees  by  d.b.h.  class  and  year 
of  infestation.  Algorithms  used  in  these  models  can  be 
obtained  from  Crookston  and  others  (1978). 

Rate  of  Tree  Loss  Model 

The  rate  of  loss  model  refines  existing  risk-rating  sys- 
tems and  provides  a  method  for  stratifying  lodgepole 
pine  stands  and  predicting  tree  and  volume  loss  for  habi- 
tat types  (Cole  and  McGregor  1983).  The  model  is 
provided  to  assist  land  managers  in  projecting  tree  mor- 
tality over  time,  and  can  be  hnked  to  the  FORPLAN 
(Johnson  and  others  1980)  model  for  use  in  forest 
planning. 

Most  models  for  epidemic  processes  have  dealt  with 
the  continuous-infection  model  for  treating  epidemic 
processes  in  a  fully  stochastic  manner  (that  is, 
probabilistic),  and  most  of  these  processes  dealt  with  dis- 
eases. Consequently,  derivatives  of  the  word  "infect" 
rather  than  "infest"  are  used.  Continuous  infection  as- 
sumes that  an  individual  (the  host  tree)  can  be  infectious 
from  the  moment  it  receives  the  infection  (the  beetle) 
until  it  dies,  recovers,  or  is  removed.  This  clearly  is  not 
the  case  with  the  mountain  pine  beetle.  The  mountain 
pine  beetle  has  a  discrete  generation  and  discrete  stages 
of  growth,  and  its  epidemic  behavior  does  not  fit  the 
continuous-infection  assumptions. 

An  alternative  to  the  continuous-infection  assumption 
was  established  by  Reed  and  Frost  in  1928  (Abbey  1952) 
and  by  Greenwood  (1931).  They  postulated  that  the 
period  of  infectiousness  is  comparatively  short,  and  the 
latent  and  incubation  periods  are  constant  (Bailey  1957). 
This  alternative  assumption  best  fits  the  epidemic  be- 
havior of  the  mountain  pine  beetle  and  amount  of  tree 
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Figure  12.— Conceptual  program  flow  of  tt)e  stand  prognosis  model  withi  an  optionally 
linked  pest  simulation  submodel  (Crookston  1978). 
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loss.  In  lodgepole  pine  stands  in  the  Intermountain 
West,  the  period  of  infecting  a  tree  (beetle  attack)  is 
fairly  short  (approximately  1  day  for  one  tree  and  up  to 
4  to  6  weeks  within  a  stand).  The  latent  period  is  the 
time  development  of  the  infective  that  takes  place  with- 
out the  emission  of  any  infectious  material  (brood  de- 
velopment). And  the  incubation  period  is  the  elapsed 
time  between  the  receipt  of  the  infection  and  the  appear- 
ance of  symptoms  (time  between  attack  and  foliage  dis- 
coloration). Both  the  latent  and  incubation  periods  can 
be  considered  constant  in  relation  to  the  life  cycle  of  the 
beetle  and  fading  of  tree  foliage. 

A  first  approximation  model  assumes  the  following: 
latent  and  incubation  periods  are  constant,  period  of 
infectiousness  is  reduced  to  a  single  point,  and  a  single 
attack  confers  immunity.  At  each  stage  in  the  epidemic, 
there  are  certain  numbers  of  infectives  and  susceptibles, 
and  it  is  reasonable  to  suppose  that  the  latter  will  yield 
a  fresh  crop  of  cases  at  the  next  stage,  distributed  in  a 
binomial  series.  This  results  in  a  chain  of  binomial  distri- 
butions, with  actual  probability  of  a  new  infection  at  any 
stage  being  dependent  on  the  numbers  of  infectives  and 
susceptibles  in  the  previous  stage. 

Three  restrictions  of  the  chain  binomial  model  exist 
that  would  invalidate  the  model:  (1)  substantial  depar- 
tures from  the  assumptions  of  constant  incubation  and 
latent  periods,  (2)  a  very  short  infectious  period,  and  (3) 
failure  to  properly  identify  the  links  of  the  chain.  How- 
ever, an  alternative  exists  when  a  highly  variable  incuba- 
tion period  occurs  or  the  symptoms  cannot  be  identified 
correctly.  In  such  cases,  the  analysis  can  be  based  on 
the  total  number  of  cases  occurring  during  the  course  of 
the  epidemic.  However,  some  loss  of  precision  results 
with  estimations.  When  numbers  infected  are  large,  fre- 
quencies of  infection  can  be  calculated  directly  and  will 
probably  be  more  accurate  than  those  derived  from  the 
probabilities  of  the  individual  chains. 

Concerning  the  assumptions  of  short  infectiousness 
and  constant  incubation  and  latent  periods,  a  beetle  out- 
break can  begin  with  one  or  several  simultaneously  in- 
fested trees  within  a  stand.  The  infestation  then  will 
spread  in  a  series  of  stages  by  each  new  generation  of 
adult  beetles  attacking  hving  green  trees.  If  the  stand  of 
trees  is  suitable  for  successful  brood  production  by  the 
beetles,  we  expect  the  number  of  trees  killed  at  any 
stage  to  have  a  binomial  distribution  based  upon  num- 
bers of  susceptible  and  infested  trees.  Therefore,  we  have 
a  chain  of  binomial  distributions  throughout  the  course 
of  a  mountain  pine  beetle  epidemic.  The  probability  of  a 
tree  becoming  infested  at  any  generation  depends  upon 
the  numbers  of  infested  trees  and  susceptible  green  trees 
during  the  preceding  generation  of  beetles. 

Therefore,  an  epidemic  started  by  beetles  from  a  single 
infested  tree,  or  by  several  trees  infested  simultaneously, 
will  continue  in  a  series  of  stages  (generations  of  beetles) 
until  either  no  more  beetles  are  left  to  attack  green  trees 
or  no  more  green  trees  are  left  to  be  attacked.  There  will 
be  a  certain  number  of  infested  trees  and  a  certain  num- 
ber of  susceptibles  in  each  stage  (each  beetle  generation) 
of  an  epidemic.  These  remaining  susceptibles  can  be  at- 
tacked by  a  new  generation  of  beetles,  and  the  newly  in- 
fested trees  will  be  distributed  in  a  binomial  series. 


Thus,  a  chain  of  binomial  distributions  occurs.  The  as- 
sumptions underlying  models  based  on  discrete  time 
usually  consider  all  susceptible  and  infested  individuals 
to  be  mixed  homogeneously.  This  situation,  more  nearly 
represented  by  small  groups  of  trees,  does  not  hold  with 
large  stands.  However,  incubation  (time  interval  between 
the  infesting  of  a  tree  or  stand  and  the  appearance  of 
symptoms)  and  latent  periods  (interval  in  which  insect 
development  takes  place  within  the  tree)  are  not  varia- 
ble. Therefore,  infesting  of  a  tree  is  considered  a  rela- 
tively short  period.  As  this  model  was  refined,  factors 
were  included  that  govern  tree  and  stand  susceptibility, 
as  well  as  factors  that  affect  the  life  processes  of  beetle 
population  including  habitat  type,  elevation,  diameter 
distribution  in  a  stand,  and  phloem  thickness 
distribution. 

Model  description.— If  p  is  the  probability  of  a  tree  be- 
coming infested  in  a  given  time,  then  q  =  1  —  p  is  the 
probability  of  a  tree  not  becoming  infested.  The  proba- 
bility of  a  tree  becoming  infested,  in  this  sense,  depends 
on  the  susceptibility  or  resistance  of  the  tree,  the  infes- 
tivity  of  the  beetle,  the  length  of  attack  period,  and  the 
size  of  the  attacking  beetle  population,  as  well  as  the  en- 
vironmental conditions  of  the  stand. 

If  D^  is  the  number  of  trees  infested  at  time  t,  then 
q'^'  is  the  probability  that  the  specified  tree  will  not  be 

infested,  and  1  —  q"'  is  the  probability  that  the  tree  will 
be  infested.  It  follows  that  if  there  are  G^  green  trees 
capable  of  being  infested  in  the  population  at  time  t,  the 
expected  number  of  infested  trees  produced  at  the  time 
t+1  is  G^  times  the  probability  of  at  least  one  tree  being 
infested.  Or, 

D^^,  =G,  (1  -q^-)andG,,,  =  G,q°. 

This  equation  provides  a  method  of  stepwise  calculation 
of  trees  infested  at  successive  periods.  Calculations  for  a 
theoretical  beetle  epidemic  are  presented  in  table  17.  If 
G^  =  0,  all  the  trees  are  dead  and  the  epidemic  subsides 
due  to  food  depletion.  If  D^  =  0,  beetles  are  no  longer 
reproducing  successfully  and  the  epidemic  subsides. 

The  Greenwood  model  postulates  that  the  probabihty 
of  a  susceptible  tree  being  infested  is  a  constant  and  is 
not  related  to  the  number  of  infectives.  In  other  words, 
a  susceptible  tree  in  a  stand  with  one  infective  is  as 
likely  to  get  attacked  as  the  same  tree  surrounded  by 
many  infectives.  This  is  obviously  not  the  case,  because 
trees  adjacent  to  a  freshly  attacked  tree  are  more  likely 
to  be  infested  than  more  distant  trees  (Geiszler  and 
others  1980).  Thus,  we  adopted  the  Reed-Frost  model  fori 
susceptibility  because  it  accounts  for  the  increase  in  in- 
festation pressure  due  to  the  number  of  infested  trees. 
In  the  Reed-Frost  model,  the  probability  of  a  tree  not 
being  infested  from  only  one  source  is  taken  to  be  a  con- 
stant, q.  The  probability  of  not  being  infested  from  two 
sources  is  thus  (q)(q)  and,  consequently,  from  n  sources 
it  is  q". 

The  value  of  q  can  be  calculated  from  these  relation- 
ships by  solving  the  equation  of  G^^,  for  q.  This  yields 

q  =  (G,^,  /G,)''i^.' 
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able  17.— Calculation  of  theoretical  epidemic  of  mountain  pine  beetles  from  the 
Reed -Frost  model  (p  =  0.5) 


Time 
period 


Number 

of  dead 

trees 

(D) 


Number  of 

susceptible 

trees 

(G) 


Calculation  of  D,  ^^  and  G,^., 


1 
5 

21 

49 

23 

1 

0 


100 

95 

74 

25 

2 

1 

1 


D,   =  100  (1   -  0.95)  =  5.00  =  5 

Gi   =  100  -  5  =  95 

D2  =  95  (1    -  0.955)  =  21.49  =  21 

Gj  =  95  -  21    =  74 

D3  =   74  (1    -  O.9521)  =  48.80   =  29 

G3  =  74  -  49  =  25 

D4  =  25  (1    -  0.95''9)  =  22.97  =  23 

G4  =  25  -   23  =  2 

D5  =  2  (1    -  0.9523)  ^   -I  39  =   1 

G5  =  2  -   1    =   1 

Dg  =  1  (1   -  0.95^)  =  0.05  =  0 

G«  =  1   -  0  =   1 


Theoretically,  q  will  be  a  constant,  but  the  real  world 
s  never  constant.  Thus,  the  q  for  time  (q^)  varies 
lightly  with  t  and  may  be  determined  for  each  time  in- 
;erval.  However,  a  closer  prediction  of  D^^j  can  be  ob- 
tained when  several  values  for  q^  are  calculated,  and  q 
sstimated  by  q^  for  several  stands. 

Testing  the  model.— Two  sets  of  published  data  were 
used  to  test  the  model.  The  first  set  came  from  a  moun- 
*"   tain  pine  beetle  infestation  in  the  Bechler  River  Drain- 


age of  Yellowstone  National  Park  (Klein  and  others 
1978).  These  data  were  grouped  into  the  following  cate- 
gories: (1)  by  2-inch  (5.1 -cm)  diameter  classes;  (2)  by  6-  to 
12-inch  (15.2-  to  30.5-cm),  14-  to  16-inch  (35.6-  to 
40.6-cm),  and  greater  than  16-inch  (40.6-cm)  d.b.h. 
classes;  and  (3)  by  total  stand  (tables  18  and  19)  (figs.  13 
and  14).  From  these,  tree  losses  were  predicted  for  this 
stand.  A  close  fit  to  actual  losses  was  obtained. 
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Table  18.- 

-Predicted  versus  observed  t 

ree  losses  to  t 

he  mounta 

in  pine  bee 

;tle  by  year 

based  on  q,,  for  2-inch  (5.1-( 

:m)  tree  diameter  classes  (Situation 

A,  observed 

data  fronn  Klein 

and  others 

1978) 

Number  of  trees 

Year  of 

per  acre 

Diameter 

Green 

Dead 

Predicted 

class 

Infestation 

(G) 

(D) 

1/D, 

q.^ 

tree  loss 

6-inch 

0 

79.8 

0.3 

3.333 

0.9875 

0.14 

(15.2-cm) 

1 

79.5 

0 

0 

1.0000 

0 

2 

79.5 

.3 

3.333 

.9857 

.14 

3 

79.2 

2.1 

.476 

.9873 

.99 

4 

77.1 

0 

0 

1.0000 

0 

5 

77.1 

0 

0 

1.0000 

0 

6 

77.1 

0 

0 

0 

Total  loss 

2.7 
(1.1/ha) 

Average 

0.9937 

1.27 
(0.51/ha) 

8-inch 

0 

62.7 

0.8 

1.250 

0.984 

0.90 

(20.3-cm) 

1 

61.9 

.8 

1.250 

.984 

.89 

2 

61.1 

2.7 

.370 

.983 

2.92 

3 

58.A 

8.1 

.120 

.982 

7.99 

4 

50.3 

.7 

1.430 

.980 

.63 

5 

49.6 

.5 

2.000 

.980 

.63 

6 

49.1 

0 

0 

0 

Total  loss 

13.6 

(3.4/ha) 

Average 

0.982 

13.96 
(5.6/ha) 

10-inch 

0 

38.8 

0.8 

1.250 

0.974 

1.09 

(25.4-cnn) 

1 

38.0 

1.1 

.909 

.974 

1.46 

2 

36.9 

3.9 

.256 

.972 

4.79 

3 

33.0 

10.6 

.094 

.964 

10.38 

4 

22.4 

1.4 

.714 

.955 

1.09 

5 

21.0 

.6 

1.667 

.953 

.44 

6 

20.4 

.2 

5.000 

.14 

7 

20.2 

0 

0 

0 

Total  loss 

18.6 
(7.4/ha) 

Average 

0.965 

19.39 

(7.8/ha) 

12-inch 

0 

17.0 

0.6 

1.667 

0.942 

0.95 

(30.5-cnn) 

1 

16.4 

1.3 

.769 

.938 

1.91 

2 

15.1 

2.8 

.357 

.932 

3.54 

3 

12.3 

4.2 

.238 

.902 

4.06 

4 

8.1 

1.2 

.833 

.875 

.88 

5 

6.9 

.2 

5.000 

.863 

.13 

6 

6.7 

.1 

10.000 

.64 

7 

6.6 

0 

0 

0 

Total  loss 

10.4 
(4.2/ha) 

Average 

0.909 

11.87 
(4.7/ha) 

14-inch 

0 

8.0 

0.4 

2.500 

0.880 

0.89 

(35.6-cm) 

1 

7.6 

1.2 

.833 

.867 

2.28 

2 

6.4 

2.2 

.454 

.826 

3.07 

3 

4.2 

2.0 

.500 

.724 

1.88 

4 

2.2 

.4 

2.500 

.606 

.25 

5 

1.8 

.2 

5.000 

.55 

.10 

6 

1.6 

0 

0 

0 

Total  loss 

6.4 
(2.6/ha) 

Average 

0.743 

8.47 
(3.4/ha) 

16-inch 

0 

2.1 

0.3 

3.333 

0.598 

0.624 

(40.6-cm) 

1 

1.8 

.3 

3.333 

5.45 

.534 

2 

1.5 

.7 

1.429 

.407 

.841 

3 

.8 

.3 

3.333 

.209 

.238 

4 

.5 

.2 

5.000 

.078 

.105 

5 

.3 

.1 

10.000 

.017 

.033 

6 

.2 

0 

0 

0 

Total  loss 

1.9 
(0.8/ha) 

Average 

.309 

2.375 
(0.9/ha) 

(con.) 
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ible  18.  (Con.) 


Number  of  trees 
per  acre 


diameter 
class 


Year  of 
infestation 


Green 

Dead 

(G) 

(D) 

2.0 

0.3 

1.7 

.4 

1.3 

.9 

.4 

.1 

.3 

.2 

.1 

0 

.1 

0 

Total  loss 

1.9 

(0.8/ha) 

211.0 

3.0 

208.0 

5.0 

203.0 

14.0 

189.0 

27.0 

162.0 

4.0 

158.0 

2.0 

156.0 

1.0 

155.0 

0 

Total  loss 

56.0 

(22.5/ha) 

1/D 


Predicted 
tree  loss 


>16-incti 
i.40.6-cm) 


Total 


3.333 
2.500 
1.111 
10.000 
5.000 
0 


0.582 
.511 
.270 
.056 
.004 

0 


Average       0.285 


Average       0.753 


0.63 
.67 
.88 
.05 
.06 
0 
0 

2.29 
(0.9/ha) 
5.2 
7.7 
16.2 
15.6 
3.0 
1.3 
.2 
0 
59.2 
(28.3/tia) 


^q,  is  the  probability  of  a  tree  not  being  infested  from  one  source  during  time,  t. 


able  19.— Predicted  versus  observed  tree  losses  to  mountain  pine  beetles  by  year  based 
on  q,,  the  average  probability  of  tree  loss  by  tree  diameter  class  and  stand 
(Situation  A,  observed  data  from  Klein  and  others  1978,  grouped  by  larger 
diameter  classes) 


Number  of  trees 
per  acre 


Diameter 
class 


Year  of 
infestation 


Green 
(G) 


Dead 
(D) 


1/D, 


qt 


Predicted 
tree  loss 


6-12-inch 
15.2-30.5-cm) 


14-16-inch 
35.6-40.6-cm) 


>  16-inch 
(>  40.6-cm) 


198.3 

2.5 

0.400 

196.8 

3.2 

.313 

193.6 

9.7 

.103 

183.9 

25.0 

.040 

158.9 

3.3 

.303 

155.6 

1.3 

.769 

154.3 

.3 

3.333 

154.0 

0 

0 

Total  loss 

44.3 
(17.7/ha) 

Average 

12.1 

1.0 

1.000 

11.1 

1.9 

.526 

9.2 

3.8 

.263 

5.4 

2.4 

.416 

3.0 
2.2 

1.9 
Total  loss 

4.1 

3.5 

2.8 

1.2 

.8 

.4 

.3 

Total  loss 


.3 
0 

10.2 

(4.1 /ha) 

0.6 

.7 

1.6 

.4 

.4 

.4 

0 

3.8 
(1.5/ha) 


1.250 
3.333 
0 
Average 

1.667 
1.429 
.625 
2.500 
2.500 

10.000 
0 

Average 


0.997 
.995 
.995 
.994 
.994 
.994 

0 

0.995 

0.917 
.906 
.869 
.783 
.679 
.613 

0 

0.794 

0.768 
.727 
.589 
.363 
.177 
.056 

0 

0.447 


2.5 
3.1 
9.2 
21.7 
2.6 
1.0 
.2 

40.3 
(16.1/ha) 
2.5 
3.9 
5.4 
2.3 
.5 
.15 
0 

14.8 
(5.9/ha) 
1.6 
1.7 
2.0 
.3 
.2 
.03 
0 

5.9 
(2.4/ha) 
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Figure  13.— Predicted  versus  observed  tree 
losses  to  mountain  pine  beetles  by  year, 
based  on  q,,  by  tree  diameter  class,  grouped 
and  total  stand  (observed  losses  from 
Burnell  1977).  q,  is  the  probability  of  a  tree 
not  being  infested  from  one  source  during 
time,  t. 
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Figure  14.— Predicted  versus  observed  tree 
losses  to  mountain  pine  beetles  in  lodgepole 
pine  by  year,  based  on  q,,  by  2-inch  tree 
diameter  classes  (observed  losses  from  Klein 
and  others  1978). 
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ASSl  l''''^  20.  — Predicted  versus  observed  tree  losses  to  mountain  pine  beetles  by  year  based 
on  q,,  the  average  probability  of  tree  loss  by  tree  diameter  class  and  stand 
(Situation  B,  observed  data  from  Burnell  1977,  grouped  by  total  stand) 


Number  of  trees 
per  acre 


Year  of 
ifestation 


Green 
(G) 


Dead 
(D) 


1/D. 


qt 


Predicted 
tree  loss 


370.2 
366.6 
365.8 
346.3 
329.9 
252.1 
220.3 
210.0 
Total  loss 


3.6 

.8 

19.5 

16.4 

77.8 

31.8 

10.3 

0 

160.2 

(64.1/hia) 


0.278 
1.250 

.051 
.061 
.013 
.032 
.097 
0 
Average 


0.997 
.997 
.997 
.997 
.999 
.992 
.987 

0 

0.995 


6.6 

1.5 

34.1 

27.3 

106.5 

37.1 

11.1 

0 

224.2 

(89.7/ha) 


The  second  data  set  came  from  a  mountain  pine  beetle 

I  ifestation  in  the  Gallatin  River  Drainage  (Burnell  1977) 
nd  was  used  only  for  total  tree  loss  because  the  data 
fere  not  presented  by  diameter  classes.  In  this  data  set, 

DIAMETER  CLASS  (IN) 
6-  12 

Situation  A 

Actual 

Predicted 


tree  loss  over  time  did  not  fall  into  the  usual  bell-shaped 
pattern.  However,  predicted  tree  losses  approximated 
the  double-peaked  curve  (table  20)  (fig.  15). 


Situation  A 

Actual 
Predicted 


YEAR 


YEAR 


Figure  15— Predicted  versus  observed  tree  losses  to  mountain  pine  beetles  in  lodge- 
pole  pine  by  year,  based  on  q,.  A.  Grouped  by  tree  diameter  classes;  B.  for  total  stand 
(observed  losses  from  Klein  and  otiiers  1978). 


m 


Precision  of  prediction  increases  with  decreasing  size 
of  diameter  classes;  that  is,  estimates  of  tree  mortality 
over  time  approximate  true  losses  closer  when  predicted 
by  2-inch  (5.1-cm)  diameter  classes  than  by  larger 
diameter  classes  (figs.  13  and  14). 

Peak  mortality  tended  to  be  overestimated  when  q  was 
lEirge.  By  the  third  year  of  an  infestation,  q  usually  be- 
comes small  due  to  the  loss  of  large  diameter  trees  to 
beetles.  Consequently,  tree  mortality  is  overestimated. 
The  critical  time  during  an  infestation  by  the  mountain 
pine  beetle  is  at  the  point  of  change  from  endemic  to  epi- 
demic. The  value  q  applied  to  the  larger  diameter  trees 
forecasts  the  pending  infestation  adequately,  in  spite  of 
the  tendency  toward  overestimation. 

The  model  assumes  optimum  conditions  for  the  life  of 
the  epidemic.  However,  actual  field  conditions  (for  exam- 
ple, adverse  weather)  can  cause  beetle  populations  to 
deviate  from  predictions.  Overestimation  of  tree  mortal- 
ity is  not  considered  serious  in  most  cases,  particularly 
in  the  larger  diameter  classes.  Epidemics  usually  begin 
in  larger  diameter  trees  preferred  by  the  mountain  pine 
beetle,  and  the  rate  of  tree  loss  within  these  classes  is 


II 

critical.  Thus,  any  factor  that  affects  brood  survival, 
such  as  thick  phloem  (food  supply),  which  is  correlated 
with  larger  diameters,  will  affect  the  rate  of  tree  loss 
and,  in  turn,  successive  generations. 

Linking  to  INDIDS  model.-The  INDIDS  model 
(Bousfield  1981)  is  used  to  analyze  forest  insect  and  dis 
ease  data  collected  from  variable  or  fixed  plots.  It  pro- 
vides summaries  of  detailed  mensurational  data  of  in- 
fested and  residual  green  stands,  a  tree  species,  size 
class,  and  damage  class  for  each  designated  survey  typt 
The  INDIDS  model  also  computes  tree  and  volume 
losses  and  basal  area  killed  per  acre. 

The  rate  of  loss  and  INDIDS  models  were  linked  to  e; 
timate  mortality  trends  for  stands  with  ongoing  mortal- 
ity or  to  obtain  loss  estimates  (tree,  cubic,  and  board- 
foot  volumes)  by  diameter  class  over  infestation  time  fo 
green  stands,  should  they  become  infested  (table  21). 
The  INDIDS/rate  of  loss  model  was  tested,  using  ap- 
proximately 1,200  stands  with  varying  degrees  of  moun 
tain  pine  beetle  infestation  (ranging  from  1  year  to  the 
end  of  the  epidemic)  (McGregor  and  others  1982). 
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stand  data  were  then  subjected  to  analysis  of  variance 
i  analysis  of  covariance  for  completely  randomized  de- 
n,  and  graphed  to  show  lodgepole  pine  mortality  by 


habitat  type  over  time  (fig.  16).  Analysis  shows  that  the 
percentage  of  lodgepole  pine  killed  and  volume  loss  is 
significantly  related  to  habitat  type. 


MADISON 

Y=  -  0.252 +  0.277-X  ABLA/VAGL 

Y=  -0.307  +  0, 308"X  ABLAfl/ASC 

1-  -0.229  + 0-264 -X  ABLA/VASC  -  CARU 

Y=  -  0.265 +  0  286-X  ABLAWASC  -  VASC 
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Y=  -0  564  +  0, 638*X  ABLA/VAGL 

Y=  -  0.733 +  0.737-X  ABLAJVASC 
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Y=  -  0.277 +  0.277'X  ABLA/CAGE 
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MADISON 

Y=  -  0.432 +  0  517-X  ABLA/CARU 

Y=  -0533  +  0533-X  ABLA/CAGE 

Y=  -0.558  + 0.558- X  ABLA/CAGE  -  PSME 

Y=  -0.608  + 0.637 -X  ABLA/PIAL  -  VASC 

Y=  -  0.577 +  0.643-X  PICO/CARU 


lure  16. —  Predicted  numbers  of  lodgepole  pine  trees  and  volume  losses  to  mountain 
pe  beetles  by  habitat  type  over  time  on  the  Madison  Ranger  District.  Beaverhead 
htional  Forest,  and  Hebgen  Lake  Ranger  District.  Gallatin  National  Forest.  MT 
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some  habitat  types,  tree  mortality  increases 
Illy,  and  most  susceptible  trees  ahd  volume  are  killed 
relatively  short  time  (fig.  17:  ABLA/VASC-VASC, 
lA/ALSI).  In  others,  mortality  may  occur  over  10 

and  never  exceed  30  percent  of  the  stand  (fig.  17: 
,A/CARU,  ABLA/LIBO-LIBO).  All  susceptible  trees 
be  killed  in  other  habitat  types,  but  it  may  require 
10  years.  Thus,  habitat  type  is  an  important  con- 
ation when  attempting  to  predict  tree  losses. 
lowledge  of  tree  losses  to  mountain  pine  beetles,  by 
tat  type  in  conjunction  with  timber  inventory  data, 
be  used  to  prepare  maps  showing  stands  of  various 
aird  to  beetle  infestation  and  loss.  Historical  maps 
a.\'.  been  used  to  draw  attention  to  areas  that  have 
u:;red  repeated  severe  outbreaks  of  beetles  (Crookston 
n  others  1977).  Yearly  maps  prepared  for  current  out- 
nks  show  rate  of  infestation  spread  and  help  delineate 
tids  of  various  hazard. 

]aps  prepared  from  output  of  the  INDIDS/rate  of 
)s  model  can  be  used  by  managers  to  initiate  strate- 
i(  to  prevent  future  infestations  or  to  salvage  logs  and 
e<  ce  fuel  loads  in  stands  where  mountain  pine  beetle 
ij  stations  have  occurred.  Usually,  managers  can  ex- 
e  that  another  epidemic  will  ensue  within  20  to  40 
e  s,  when  remaining  trees  reach  size  classes  with 
ih)em  thickness  conducive  to  population  buildup 
A  man  1975).  However,  this  depends  on  characteristics 
if  bands  and  how  soon  residual  trees  become  suscepti- 
il(  For  example,  management  may  be  postponed  until 
h  next  decade,  if  predicted  stand  mortality  does  not 
:X!ed  20  to  30  percent  over  10  years.  Meanwhile, 
it  ids  can  be  assessed  and  management  implemented  in 
hse  stands  containing  habitat  types  and  structure 
r-vl  re  considerable  tree  mortality  or  volume  loss  is 
alicted  to  occur  over  a  short  time.  By  putting  the 
liier  risk  stands  under  management,  loss  would  proba- 
)1  be  prevented  in  some  high,  many  moderate,  and 
my  low  risk  stands. 

(odel  use.— Answers  to  the  questions,  "Which  of  the 
ojepole  pine  stands  are  the  most  susceptible  to  moun- 
.81  pine  beetle  outbreak  development?"  and  "How 
my  trees  will  the  manager  lose  if  a  stand  becomes  in- 
"eed?"  are  dependent  upon  risk.  A  definition  of  risk 
1!  two  components:  (1)  probability  of  an  outbreak 
f/hin  a  set  time  and  (2)  expected  loss  in  the  advent  of 
u  outbreak  (Safranyik  1982).  Reliable  methods  are  not 
lulable  to  predict  when  an  outbreak  will  develop,  but 
w  can  predict  the  most  susceptible  stands  and  stand 
liiletion  in  terms  of  stand  structure. 

he  Forest  Service  currently  uses  FORPLAN,  a  linear 
pgramming  model  (Johnson  and  others  1980),  for  land 
rraagement  planning  (land  use  allocation  and  the 
s<  eduling  of  management  activities).  The  management 
aivities  and  associated  outputs,  costs,  and  environmen- 
ti  effects  used  in  FORPLAN  are  presented  in  prescrip- 
tiis  for  stands  within  analysis  areas.  In  the  Forest 
S  vice  Northern  Region,  analysis  areas  are  lands  that 
net  certain  common  classification  criteria;  these  lands 
a  not  usually  contiguous.  Classification  criteria  include 
h  )itat  type,  timber  size  class,  slope  class,  or  other 
c  iracteristics. 


Using  FORPLAN,  one  approach  to  modeling  tree  mor- 
tality caused  by  mountain  pine  beetles  has  been  to  pre- 
dict susceptible  areas  in  analysis  areas,  which  ones 
would  be  affected,  and  the  resulting  mortality  over  two 
decades.  While  it  might  be  possible  to  predict  rate  of 
loss  from  beetles  throughout  the  forest,  this  information 
would  be  of  little  value  for  adjusting  yield  tables  if  the 
locations  of  high,  moderate,  and  low  risk  stands  are  not 
identified  within  analysis  areas.  The  FORPLAN  model 
would  spread  bark  beetle  effects  over  the  next  two  de- 
cades for  all  stands  within  analysis  areas,  which  would 
not  allow  scheduling  earlier  harvest  of  stands  with  a 
high  probability  of  infestation  and  mortality  within 
analysis  areas. 

An  alternative  approach  is  recommended  when  the  lo- 
cations of  stands  within  analysis  areas  are  identified 
through  timber  or  stand  examination  surveys.  Beetle  at- 
tack may  then  be  simulated  by  the  rate  of  loss  model, 
which  shows  the  effects  of  an  epidemic  in  the  absence  of 
timber  management.  If  other  management  practices  are 
not  implemented,  it  will  be  necessary  to  constrain  the 
predicted  tree  loss  by  assignment  to  a  certain  acreage. 
Thus,  there  would  be  two  prescriptions— one  for  some 
stands  in  parts  of  the  analysis  area  with  infestation,  and 
one  for  other  parts  with  no  effects  of  infestation. 

As  an  example,  stands  on  the  Helena  National  Forest 
were  analyzed  in  a  FORPLAN  run  by  grouping  habitat 
types  so  mortality  factors  could  be  directly  applied  to 
yield  tables.  A  procedure  was  adopted  and  used  to  ad- 
just yield  tables  based  on  the  coefficients  developed  for 
the  Helena  National  Forest  plan  (Brohman  and  others 
1982).  Coefficients  were  based  on  the  assumption  that  a 
50  percent  loss  of  lodgepole  pine  would  occur  over 
5  years.  If  so,  then  25  percent  of  the  loss  would  occur  by 
year  5,  and  the  remaining  75  percent  would  occur  by 
year  10.  The  estimated  loss  as  a  percentage  of  volume 
by  age  classes  was  determined  as  shown: 

Y,,  =  Y,  (1  -  '4  L) 
Y^,  =  Y^  (1  -  %  L) 
Y,    =  Y,  (1  -  L),  j>3 

where 

L     —  proportion  of  volume  lost  to  beetles  (50 
percent  =  0.50), 
Y    =  tabular  volume  for  decade  j  of  the  plan,  and 
Y.,  =  adjusted  volume  expected  to  exist  in  decade  j. 

Such  coefficients  must  be  derived  for  each  habitat 
type  or  habitat  type  group  to  be  apphcable  to  the  model. 
Note  that  the  decade  1,  2,  or  3  of  the  Forest  plan  may 
correspond  to  different  decades  in  the  yield  table  for 
different  stands  or  habitat  type  groups  within  analysis 
areas.  For  example,  if  groups  of  stands  are  105  years 
old,  then  Yj  is  the  tabular  yield  shown  at  110  years  (25 
percent  loss  by  year  5).  If  the  current  age  is  165  years, 
then  Yj  is  the  tabular  yield  shown  for  170  years  (25  per- 
cent loss  by  year  5,  and  75  percent  loss  by  year  10  at 
175  years).  The  graphs  in  figure  18  were  developed  using 
this  approach,  coupled  with  the  INDIDS/rate  of  loss 
model  for  the  Helena  National  Forest  in  the  absence  of 
beetle  attack.  The  factor  or  proportionality  is  (1  — L),  the 
proportion  of  stand  volume  not  killed. 
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DRY  FIH  FOREST 
Y=  -  0.231 2  +  0. 2680' X  OF/CARU 
Y=  -0.0452  +  0  1228* X  OF/PHMA 
Y=  -  0.1568 +  0.234e'X  AF/CARU 


COOL  SLOPES 

Y=  -0  1883  +  02552'X  AF/LIBO 
Y=  -0.1379+0-2218'X  AF/VAGL 
y  =  -  0.2655  +  0.2978'  X  AF/VASC 
Y=  -0.3656  +  0  418TX  AF/MEFE 


FOREST  TYPE 

Y=  -  0.1528 +  0.2220-X  DRY  FIR  FOREST 

Y=  -0.2030  + 0.2658' X  COOL  SLOPES 

Y=  -  0,1494  +  0  2662' X  MESIC  S-S  FOREST 


FOREST  TYPE 

y=  -0.2641 +0.4313'X  DRV  FIR  FOREST 

Y=  -0.3793  +  0  5404 'X  COOL  SLOPES 

Y=  -  0.2402 +  0.4199'X  MESIC  S-S  FOREST 


Figure  17.— Projected  todgepole  pine  tree  and  volume  losses  to  mountain  pine  beetles, 
from  the  rate  of  loss-INDIDS  model,  within  habitat  type  groups  on  dry  cool  slopes  and 
mesic  sites  on  Helena  National  Forest.  MT. 
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.'he  final  step  in  the  FORPLAN  run  for  the  Helena 
:ional  Forest  plan  was  to  adjust  existing  yield  tables 
the  appropriate  coefficient  for  each  habitat  type 
iup.  Regenerated  stands  were  not  adjusted,  because 
nagement  should  prevent  mountain  pine  beetle  out- 
aks  over  a  rotation.  The  assumption  that  the  beetle 
[  infest  susceptible  stands  over  the  Forest  in  the  next 
y   years  may  not  be  totally  correct,  but  it  seems  highly 
ibable,  based  on  available  information.  By  including 
fficients  in  the  yield  tables,  the  FORPLAN  model 
mid  show  which  highly  susceptible  lodgepole  stands 
id  immediate  harvesting,  and  which  stands  should  be 
vested  before  becoming  highly  susceptible.  By  using 
lessments  from  FORPLAN  and  loss  predictions  from 
!  INDIDS/rate  of  loss  model,  harvesting  can  be  ac- 
nplished  in  high  hazard,  susceptible  stands  before  an 
demic  develops,  thus  minimizing  tree  mortality 
ised  by  beetles. 
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APPENDIX 


The  appendix  contains  mathematical  counterparts  of 
graphic  models  portrayed  in  figures  1,  5,  6,  and  7. 
FORTRAN  statements  from  Cole  and  others  (1976)  are 
used  for  brevity.  In  the  event  that  highly  repetitive  com- 
puter use  is  made  of  the  mathematical  forms,  as  in  simu- 
lation, some  added  computer  efficiency  may  be  achieved 
with  further  simplification. 


FORTRAN  Statements 

ENDEMIC  GREEN  STAND  (GS) 

YR  =  7 

GS  =  26.  96*EXP(-(ABS(((DBH+18)/ 
26.5-l)/.205)**1.8))+.2 
LIMIT 

4  ^  DBH  ^  30 

ANNUAL   MORTALITY  PERCENT   (am) 

6<YR  ^8 

TI  =  ,235*EXP(     (ABS(((30-DBH)/ 

25.5-l)/.225)**1.8)>+.365 
EL  =  EXP(-(ABS(((YR-5.5)/2.5-l)/ 

(1-TI))**1.8)) 
ER  =  EXP(-((1/(1-TI))**1.8)) 

9^YR  <  II 

TI  =  .055*EXP(-(ABS(((30-DBH)/ 

25.5-l)/.35)**3))4-.47 
EL  =  EXP(-(ABS(((n.5-YR)/3.5-l)/ 

(1-TI))**L9)) 
ER  =  EXP(-((1/(1-TI))**L9)) 
6  i^YR^  II 

YP  =  .3295*EXP(-(ABS(((DBH-4)/ 

26-l)/.8)**4.5))-.0215 
AM  =  97.765*YP*((EL-ER)/(I-ER)) 
LIMITS 

4  ^  DBH  ^  30,  1  ^  YR  ^  1 1,  integer  values  only 
LIMITS  FOR  ALL  BROOD  MODELS 

4  ^  DBH  ^  30,  1  ^  YR  ^  13,  integer  values  only 

EGGS  (eg) 

FOR  1  ^YR^  II. H 

BP  =  177.918*EXP(-(ABS((DBH/35-l)/ 

.85)**3)  )- 34.9 18 
TI  =  .9533*EXP(     (ABS(((35-DBH)/ 

35-l)/.63)**2.6))-.0333 
G  =  ABS(((YR-1)/10.8-1)/(1-TI))**1.6 
P=  1.6 
FOR  11.8  <YR  1^  13 
BP  =  0 
TI  =  .42*EXP(-(ABS(((35-DBH)/35-l)/ 

.605)**5))+.25 
G  =  ABS(((17-YR)/5.2-l)/(i-TI))**3 
P  =  3 

FOR  1  ^YR^  13 

YP  =  349.251*EXP(-(ABS((DBH/35-l)/ 

.68)**3.2)  )-lL251 
ER  =  EXP(-(1/(1-TI))**P) 
EG  =  ((EXP(-(G))-ER)/(1-ER)* 

(YP-BP)+BP)**L0144 


SMALL  LARVAE  (SL) 

FOR  I  ^YR  ^  10 

BP  =  50.186*EXP(-(ABS((DBH/35-l)/ 

.682)**4.5))-.186 
TI  =  .105*EXP(-(ABS(((35-DBH)/ 

35-l)/.51)**5))+.565 
G  =  ABS((YR/10-1)/(1-TI))**2.6 
P  =  2.6 
FOR  II  ^YR^  13 

BP  =  45*EXP(-(ABS((DBH/35-l)/ 
.593)**4))  +  l 
A  =:  .00025396  *(  35  -  DBH  )**2.1+. 001 
TI  =  .405*EXP(-(ABS(((35-DBH)/ 

35-l)/.146)**2.6))+A 
G  =  ABS(((13-YR)/3-l)/(l-TI))**2.4 
P  =  2.4 
FOR  I  ^YR^  13 

YP  =  98.53*EXP(-(ABS((DBH/35-l)/ 

.716)**3.6))-3.53 
ER  =  EXP(-(1/(1-TI))**P) 
SL=  ((EXP(-(G))-ER)/(1-ER)* 
(YP-BP)+BP)*.9565 

LARGE  LARVAE   (LL) 

FOR  I  ^YR  ^8 

BP  =  3L093*EXP(-(ABS((DBH/35-l)/ 

.664)*M.3))-.093 
TI  =  .07598*EXP(-(AB.S(((DBH-4)/ 

31-l)/.83)**5))+.704 
FOR  9^YR  ^  13 

BP  =  15*EXP(-(AB.S((DBH/35-l)/ 

.625)**7))  +  l 
TI  =  .1073*EXP(-(ABS((DBH/35-l)/ 

.674)**3.4))+.708 

FOR  7  $;  y/?  ^  yj 

YP  =  52.117*EXP(-(ABS((DBH/35-l)/ 

.695)**3.7))  +  .883 
LL  =  (EXP(— (ABS((YR/8-l)/(l-TI))** 

1.5) )  *(YP-BP)+BP)  *.9865 

EMERGENCE  (EM) 

FOR  J  ^YR^7 

BP  =  17*EXP(-(ABS((DBH/35-l)/ 

.655)**6)) 
P  =  2.3*EXP(-(ABS(((35-DBH)/29-l)/ 

.13)**2.2))  +  2.2 
G  =  ABS((YR/7.7-l)/.2)**P 
FOR  8^YR^]3 
BP  =  .L3*DBH 
TI  =  .051/*EXP(-(AB.Sf((35-DBH)/ 

29-1)/. 38**7))+. 69 
G  =  ABS((YR/7.7-l)/(l-TI))**1.6 
FOR  I  ^YR^  13 

YP  =  30.328*EXP(-(ABS((DBH/35-l)/ 

.715)**4.5))+2,672 
EM  =  {EXP(-(G))*(YP-BP)+BP)*.995 
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This  is  the  last  of  a  three-part  series  on  the  mountain  pine  beetle  in  lodgepole 
pine  forests.  Part  III  contains  original  research,  a  review  of  published  literature 
primarily  on  epidemic  beetle  populations,  and  sampling  and  modeling  of  beetle 
populations.  Sampling  methods  are  available  for  v^/ithin-tree  populations  of  bee- 
tles, tree  losses  within  stands,  and  tree  losses  over  large  forested  areas  by  aer- 
ial means.  Models  include  beetle  generation  survival,  beetle  aggregation,  lodge- 
pole pine  stand-beetle  interactions,  and  rate  and  amount  of  tree  loss  in  stands. 
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The  Intermountain  Research  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  Forest  Service  Research  stations  charged  with 
providing  scientific  knowledge  to  help  resource  managers  meet  human 
needs  and  protect  forest  and  range  ecosystems. 

The  Intermountain  Station's  primary  area  includes  Montana,  Idaho, 
Utah,  Nevada,  and  western  Wyoming.  About  231  million  acres,  or  85 
percent,  of  the  land  area  in  the  Station  territory  are  classified  as 
forest  and  rangeland.  These  lands  include  grasslands,  deserts, 
shrublands,  alpine  areas,  and  well-stocked  forests.  They  supply  fiber 
for  forest  industries;  minerals  for  energy  and  industrial  development; 
and  waiei  for  domestic  and  industrial  consumption.  They  also  provide 
recreation  opportunities  for  millions  of  visitors  each  year. 

Several  Station  research  units  work  in  additional  western  States,  or  | 

have  missions  that  are  national  in  scope.  "  I 

Field  programs  and  research  work  units  of  the  Station  are  maintain- 
ed in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University)  1 

Logan,  Utah  (in  cooperation  with  Utah  State  University)  ' 

Missoula,  Montana  (in  cooperation  with  the  University  of 
Montana)  | 

Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho)  i 

1 

Ogden,  Utah  i 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 

j 
Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada)  ,i 
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RESEARCH  SUMMARY 

Baseline  data  on  herb,  shrub,  and  tree  species  cover 
(m^/O.OI  ha)  and  volume  of  space  occupied  (m^/O.OI  ha) 
for  the  first  15  years  of  secondary  succession  follow- 
ing wildfire  in  the  western  redcedar-western  hemlock 
forest  type  of  northern  Idaho  are  presented  in  tabular 
form  for  18  study  areas  on  the  Sundance  Burn.  These 
study  areas  represent  an  elevational  range  from  2,900 
to  4,300  feet,  all  cardinal  exposures  and  a  range  of 
slopes  from  15  to  45  percent.  Descriptive  information 
given  for  each  site  includes  location,  prefire  forest 
cover  type,  postfire  reconstruction  of  prefire  tree  and 
shrub  components,  and  intensity  and  severity  of  wild- 
fire disturbance. 

Information  on  early  successional  development  is 
presented  in  its  basic  form  without  interpretation  to 
provide  a  quantitative  resource  for  modelers  working 
on  the  development  of  secondary  forest  succession 
and  as  a  source  of  information  on  plant  species 
response  to  fire  and  the  development  of  serai  vegeta- 
tion for  application  to  forest  and  wildlife  habitat 
management  problems. 
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INTRODUCTION 

Fire  has  been  a  natural  and  integral  part  of  Northern 
Rocky  Mountain  coniferous  forests  for  at  least  the  last 
10,000  years  (Mehringer  and  others  1977;  Mutch  1970). 
Recent  studies  documenting  the  recurrence  of  fire  in 
these  forests  (Arno  1976,  1980;  Arno  and  Davis  1980; 
Hemphill  1983)  suggest  most  of  the  forest  plant  species 
have  evolved  or  at  least  existed  in  the  presence  of  peri- 
odic disturbance  by  fire  (Habeck  and  Mutch  1973;  Howe 
1976).  In  fact,  many  of  these  plant  species  exhibit  adap- 
tations to  survive  burning  by  forest  fires  (Lyon  and 
Stickney  1976;  Bradley  1984).  The  natural  recovery  or 
secondary  succession  of  forest  vegetation  in  the  North- 
ern Rocky  Mountains  following  disturbance  by  wildfire 
results  from  a  combination  of  plant  species  adapted  to 
survive  fire  in  place  and  those  adapted  to  colonize  the 
immediate  postfire  site.  Severity  of  fire  treatment  (Rowe 
1983;  Ryan  and  Noste  1985;  Viereck  and  Schandelmeier 
1980)  to  the  prefire  vegetation  directly  influences  the 
composition  and  amount  of  the  survivor  component.  It 
also  conditions  the  suitability  of  the  site  for  germination 
and  establishment  of  the  colonizer  component.  The  early 
successional  development  (1  to  15  years)  of  vegetation 
presented  for  the  Sundance  Burn  study  areas 
encompasses  a  variety  of  combinations  for  these  two 
components  that  range  from  communities  composed 
largely  of  survivors  (SD  — 17,  SD  — 21)  to  those  formed 
predominantly  of  colonizers  (SD— 06,  SD  — 07). 

To  effectively  use  secondary  forest  succession 
processes  in  achieving  forest  management  objectives 
requires  a  fundamental  understanding  of  the  response 
and  behavior  of  at  least  the  important  plant  species  com- 
prising the  early  postdisturbance  forest  communities. 
Quantitative  data  on  postwildfire  changes  in  species 
abundance  through  time  not  only  provide  the  means  for 
determining  natural  serai  development,  but  also  serve  as 
a  basis  for  comparing  and  evaluating  effects  of  timber 
harvest  and  other  forms  of  cultural  disturbance  on  species 
maintenance.  The  response  of  early  serai  vegetation  to 
disturbance  affects  a  wide  variety  of  forest  management 
activities  including  the  establishment  and  survived  of 
transplanted  tree  seedlings,  the  composition  and  dura- 
tion of  big  game  browse  ranges,  the  amount  of  vegeta- 
tive cover  affording  watershed  protection,  the  character 
of  small  mammal  and  songbird  habitats,  and  the  produc- 
tion and  accumulation  of  forest  fuels. 

As  management  intensifies  to  meet  the  increasing 
demands  made  of  forest  wildlands,  some  of  the  potential 
uses  for  basic  plant  successional  information  include: 


—  designing  silvicultural  and  fire  prescriptions  to 
achieve  specific  management  treatment  results 

—  assessing  rehabilitation  needs  following  wildfire  and 
eliding  in  fire  damage  appreiisals 

—  evaluating  probable  vegetation  recovery  for  escaped 
fire  analysis 

—  assessing  effect  of  fire  on  vegetation  for  fuels 
management  planning 

—  developing  fire  management  prescriptions  to  restore 
and  maintain  fire  as  a  natural  process  in  wilderness 
forest  ecosystems 

—  constructing,  testing,  and  improving  models  of 
secondary  forest  succession. 

Most  studies  of  forest  succession  in  the  Northern 
Rocky  Mountains  employ  synthetic  reconstructions  of 
community  change  derived  from  sampling  forest  stands 
of  different  ages.  This  approach  describes  forest  succes- 
sion as  it  is  perceived  rather  than  as  it  is  observed  to 
occur.  Inherent  variability  in  initial  composition  and 
previous  history  of  stands  combined  with  fragmentary 
representation  of  time  (stand  ages  available)  provide 
interrupted  and  incomplete  representations  of  species' 
presence  and  development,  which  permit  only  the  most 
generalized  reconstruction  of  forest  succession.  Also, 
lack  of  a  continuous  record  of  onsite  changes  in  composi- 
tion and  development  prevents  recognition  of  coherent 
species  development  patterns  that  collectively  constitute 
the  successional  sequence.  This  is  particularly  true  for 
the  plants  that  form  the  initial  vegetation  following  dis- 
turbance and  the  herbs  and  shrubs  that  later  comprise 
most  of  the  early  serai  vegetation.  Analytical  presenta- 
tion of  most  forest  succession  data  for  our  region  ob- 
scures its  basic  quantitative  character  and  thus 
precludes  its  direct  application  to  other  wildland 
management  problems. 

The  purpose  of  this  publication  is  to  make  basic  data 
on  secondary  plant  succession  available  in  a  form  that 
has  wide  application  to  the  problems  associated  with  the 
early  stages  of  forest  succession  development.  The 
results  serve  as  a  data  base  for  examining  the  initial 
occurrence,  response,  and  development  of  individual  spe- 
cies following  wildfire.  Cover  (crown  area)  and  aerial 
crown  volume  (volume  of  space  occupied)  of  tree,  shrub, 
and  herb  components  were  sampled  annually  on  perma- 
nent plots  following  wildfire  in  standing  timber  and 
clearcuts.  The  tabular  presentation  of  data  represents 
the  first  15  years  of  secondary  plant  succession  on  18 
study  areas  in  the  Sundance  Burn  in  northern  Idaho. 


STUDY  AREA 

On  September  1,  1967,  the  Sundance  Fire  burned  a  16- 
by  5-mile  (26-  by  8-km)  swath  northeastward  across  the 
central  portion  of  the  Selkirk  Range  in  northern  Idaho 
(fig.  1).  The  study  location  is  centrally  situated  within 
the  burn  where  the  fire  reached  "fire  storm"  proportions 
(Anderson  1968).  This  locale  is  on  the  Sandpoint  Ranger 
District,  Kaniksu  National  Forest  (lat.  48°34'  N.,  long. 
116 °37'  W.)  20  miles  (32  km)  north  of  Sandpoint,  ID. 
Specific  location  within  the  Pack  River  drainage  of  the 
18  study  areas  is  shown  in  figure  2.  Elevation  of  these 
study  areas  ranged  from  2,950  to  4,300  feet  (900  to 


1  310  m)  and  the  areas  represent  all  cardinal  exposures. 

The  climate  is  characterized  by  long,  cool,  but  not 
cold,  moist  winters  and  short,  warm,  and  dry.  but  not 
particularly  droughty  summers  (Finklin  1983).  Annual 
precipitation  is  estimated  between  40  to  60  inches  (102 
to  152  cm)  (Rice  1971)  with  about  three- fourths  falling  as 
snow.  Topography  of  the  mid-  and  lower  slopes  of  the 
Pack  River  Valley  has  been  rounded  and  smoothed  by 
mountain  glaciation  (Alden  1953).  Soil  is  regosolic  in 
character  with  silt  loam  texture  developed  from  granitic 
tills  overlain  by  a  loess  mantle  6  to  30  inches  (15  to 
76  cm)  thick  (USDA  Forest  Service,  n.d.).  i 
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SCALE: 


Figure  1. -Sundance  Fire  in  the  Sell<irk  Range  of  northern  Idaho  showing  the  town- 
ship and  section  locations  containing  study  area  sites. 


SCALE: 


Figure  2.— Sundance  Burn  study  area  locations  in  the  Pacl<  River  drainage  of  the 
Selkirk  Range. 


Prefire  forests  on  the  study  areas  predominantly  con- 
tained immature  poletimber  size  trees,  5  to  9  inches 
(12.7  to  22.6  cm)  diameter  at  breast  height  (d.b.h.),  of  the 
western  larch  (Larix  occidentalis)  and  Douglas-fir 
{Pseudotsuga  menziesii)  timber  types.   Most  tree  crown 
canopy  coverage  ranged  from  40  to  70  percent  (USD A 
Forest  Service  1962).  Other  timber  types  represented 
include  mature  sawtimber,  >9  inches  (>  22.6  cm)  d.b.h., 
of  western  redcedar  {Thuja  plicata)  and  western  hemlock 
{Tsuga  heterophylla)  in  the  70  to  100  percent  tree 
canopy  cover  class.  Postfire  approximation  of  forest  hab- 
itat types  suggests  that  study  areas  were  in  the  Thuja- 
Tsuga  climax  forest  zone  (Daubenmire  1952),  and  all  but 
the  most  xeric  sites  represent  the  Tsuga  heterophylla- 
Pachistima  myrsinites  habitat  type  (Daubenmire  and 
Daubenmire  1968). 


METHODS 

The  successional  development  of  vascular  plant  species 
was  measured  on  permanent  plots  using  nondestructive 
sampling  techniques.  This  approach  attempts  to  quan- 
tify actual  changes  in  vegetation  as  they  develop  in 
place  over  time,  thereby  minimizing  extraneous  variation 
in  time  development  of  plant  species  composition  and 
abundance.  All  plot  sampling  measurements  were  metric. 
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Figure  3.— Field  layout  of  permanent  tran- 
sect pairs  showing  position  and  orientation 
of  contiguous  blocks  and  nested  plots 
(dimensions  in  meters). 


Plot  Layout  and  Vegetation  Sampling 

The  area  sampled  for  each  study  area  consisted  of  two 
5-  by  25-m  transects,  each  of  which  was  divided  into  five 
contiguous  5-  by  5-m  blocks  (fig.  3).  The  vegetation  was 
stratified  in  each  block  according  to  life  form  and  height 
and  sampled  in  four  sizes  of  nested  plots  (fig.  4).  The 
combination  of  plant  heights  and  life  form  associated 
with  each  nested  plot  is  given  in  table  1. 

Trees  and  shrubs  over  0.4  m  high  were  sampled  on  the 
three  larger  plots  (1.5-,  3-,  and  5-m  squares).  For  trees 
2.5  m  and  taller,  the  d.b.h.  (height  1.4  m)  was  measured 
in  centimeters  and  recorded  by  species.  Trees  1.5  to 
2.5  m  high  were  counted  and  recorded  by  species  and 
assigned  an  assumed  d.b.h.  of  1.25  cm.  Trees  0.5  to 
1.5  m  in  height  were  counted  and  recorded  by  species. 
All  shrubs  and  trees  0.5  m  and  taller  were  measured  in 
decimeters  for  two  horizontal  dimensions  of  the  aerial 
crown  and  the  height  above  the  rooted  point. 

Herbaceous  and  low  woody  plants  (including  trees  and 
shrubs  less  than  0.5  m  in  height)  were  sampled  in  two 
0.5-  by  0.5-m  plots  located  along  the  baseUne  within  each 
block  (fig.  4).  Cover  was  determined  visually  by  species 
in  units  to  the  nearest  one-sixth  of  the  plot,  0.04167  m^ 
(fig.  3).  Species  with  individual  coverages  of  less  than 
one-sixth  were  recorded  as  miscellaneous  vegetation  for 
that  plot  if  they  collectively  totaled  at  least  one-sixth  of 
the  plot  area. 
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Figure  4— Height  limits  of  shrubs  and  trees 
sampled  in  nested  plots  (sample  plants, 
shaded:  nonsample  plants,  outlined). 


Table  1.— Summary  of  plots  sampled  on  each  study  area 
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Plot  size 

Height  limits 

Vegetation  sampled 

No./area 

Meters 

5  by  5 

2.5  + 

Trees  and  shrubs 

10 

3  by  3 

1.5-2.45 

Trees  and  shrubs 

10 

1.5  by  1.5 

0.5-1.45 

Trees  and  shrubs 

10 

0.5  by  0.5 

<0.5 

Trees  and  shrubs  and 
all  herbs  and  low 
woody  plants  irre- 
spective of  height 

20 

The  remaining  ground  surface  not  covered  by  herba- 
ceous or  low  woody  plants  was  then  similarly  classified 
in  order  as:  (1)  moss,  (2)  litter,  (3)  rock,  and  (4)  bare 
ground.  Cover  estimates  for  this  plot  were  designed  to 
equal  100  percent;  therefore  coverage  values  of  these 
four  categories  represent  only  that  portion  not  covered 
by  herbaceous  or  low  woody  vegetation.  The  "represen- 
tative" height  within  the  plot  for  each  species  receiving 
a  cover  estimate  was  measured  to  the  nearest  half 
decimeter.  Occurrence  (absolute  frequency)  was  recorded 
for  each  herb  and  low  woody  plant  species  present 
within  this  smjillest  plot.  Field  sampling  for  most  years 
was  done  during  the  latter  part  of  July  through  the  first 
half  of  August. 

Vegetation  Description 

Five  attributes  descriptive  of  vegetation  can  be  de- 
rived from  this  sampling  method  (table  2).  Of  these, 
cover  (aerial  crown  area)  and  crown  volume  (space 
occupied  by  the  plant)  are  considered  the  most  descrip- 
tive for  representing  the  early  serai  development  of  vege- 
tation. Cover  for  tree  and  shrub  species  was  computed 
using  the  horizontal  crown  dimensions  as  Eixes  of  an 
ellipse.  Crown  area  for  herbs  and  low  woody  plants  was 
estimated  directly  in  units  of  cover.  Aeried  crown  volume 
for  trees  and  shrubs  was  determined  for  each  individual 
plant  from  its  crown  area  and  height.  The  product  of 
these  values  gives  the  volume  of  a  cylindroid  represent- 
ing the  space  occupied  by  the  plant  in  the  community. 
Similarly,  the  volume  of  space  occupied  by  herbs  and 
low  woody  plants  was  calculated  from  the  area  and 
representative  height.  Cover  and  volume  values  were 
averaged  by  species  for  each  plot  size,  converted  to 
0.01  ha  base  and  totaled  to  produce  the  tabular  value 
given  for  each  species  and  life  form  group.  Because  this 

Table  2.— Attributes  describing  vegetation  development 


Vegetative  life  form 


Attribute 


Trees  (1.5+  m  ht) 

Shrubs  and  trees 
(0.5+  m  ht) 

Herbs  and  low  woody  plants 
(including  tree  and  shrub 
species  <0.5  m  ht) 


Density  (N/0.01  ha) 
Basal  area  (cm^/O.OI  ha) 
Density  (N/0.01  ha) 
Cover  (m2/0.01  ha) 
Crown  volume  (m-'/O.OI  ha) 
Frequency  (percent) 
Cover  (m2/0.01  ha) 
Crown  volume  (m-'/O.OI  ha) 


base  equals  100  m^,  the  vsdues  given  for  cover  in  the 
tables  may  be  read  directly  as  percentage  of  ground 
cover  as  well  as  m^/O.Ol  ha.  Tabular  values  for  volume 
are  expressed  as  m^/0.01  ha. 

Height,  while  not  presented  as  tabulated  information, 
may  be  obtained  for  any  given  species  from  the  quotient 
of  its  corresponding  volume  and  cover  values.  The  result 
is  mean  height  in  meters.  This  expression  of  vertical 
development  can  be  used  to  identify  the  periods  required 
for  woody  plemt  species  to  reach  and  sustain  mature 
stature  in  the  successional  progression. 

Nomenclature  for  vascular  plants  follows  Hitchcock 
and  Cronquist  (1973).  Plant  species  identifications  were 
made  by  the  author  with  verification  of  many  of  the  spe- 
cies by  Drs.  Frederick  J.  Hermeuin  emd  Cheirles 
Feddema,  both  of  the  former  USDA  Forest  Service 
Herbarium  at  Washington,  DC,  and  later  Fort  Collins, 
CO.  Voucher  specimens  for  most  species  are  on  file  at 
the  Forestry  Sciences  Laboratory  Herbarium  (MRC), 
Missoula,  MT. 

DATA  BASE 

The  data  base  documents  the  initiation  and  early 
development  of  serai  vegetation  for  18  study  areas  in 
the  "cedar-hemlock"  type  of  northern  Idaho.  For  each 
study  area  the  data  base  consists  of  (1)  initial  postfire 
plant  species  composition,  (2)  subsequent  cover  and  vol- 
ume development  of  vegetation  and  cover  plant  species, 
(3)  physical  site  characteristics,  (4)  disturbance  treatment 
from  wildfire,  and  (5)  representation  of  prefire  vegetation 
and  its  species  composition. 

Initial  Vegetation 

Species  present  in  the  first  postfire  growing  season 
represent  the  initial  vegetation  (appendix)  and  provide 
the  floristic  basis  from  which  the  development  of  early 
serai  vegetation  commences.  The  response  to  fire  of  spe- 
cies comprising  this  initial  vegetation  is  classified  in  the 
appendix  as  either  survivor  (regrowth  or  resprouts  from 
burned  plants)  or  colonizer  (first-year  seedlings).  For 
those  species  that  demonstrated  more  than  one  response 
or  adaptation  to  fire,  both  are  given.  In  a  few  instances 
the  charred  remains  of  herbaceous  plants  were  identifia- 
ble, and  where  all  plants  of  a  given  species  on  a  study 
area  were  killed,  they  are  listed  as  "nonsurvivor."  The 
ability  of  a  plant  species  to  survive  fire  varies  and  is 
related  (in  part)  to  the  severity  of  the  burning  treatment. 
For  this  data  base  those  species  classified  "survivor" 
demonstrated  the  capability  to  survive  a  fire  treatment 
as  severe  as  a  stand-replacing  wildfire. 

This  classification  also  provides  some  information  on 
the  source  or  postfire  origin  of  the  initial  vegetation  spe- 
cies. Survivors  derive  from  burned  onsite  origins. 
Colonizer  origin  may  be  either  on  site  or  from  outside 
the  burned  area.  Seed  form  as  related  to  dispersibility 
may  provide  clues  as  to  colonizer  origin.  The  potential 
for  secondeiry  colonization  of  species  from  onsite  sources 
is  related  to  its  capacity  to  flower  early  in  succession. 
Species  flowering  in  the  first  postfire  growing  season 
from  either  survivor  or  colonizer  plants  are  indicated  in 
the  appendix. 


Succession  Data  Base  Tables 

For  each  study  area,  cover  and  volume  data  are 
presented  in  a  series  of  six  data  base  tables.  Each  table 
is  accompanied  by  a  graph  illustrating  its  important  ele- 
ments. Tables  1  and  2  present  cover  and  volume  respec- 
tively of  the  serai  community  life  forms;  tables  3  and  4 
present  species  composition  for  cover  within  life  form 
component;  and  tables  5  and  6  present  volume.  Identity 
of  species  listed  in  these  tables  as  four-letter  abbrevia- 
tions of  genus  and  species  is  given  in  the  appendix. 

A  few  species  included  in  the  herb  data  base  tables 
have  often  been  treated  as  shrubs.  In  fact,  they  are  "low 
woody  plants"  and  lack  the  morphological  traits  charac- 
teristic of  shrubs  except  one,  the  presence  of  perennial 
stems  above  ground  in  the  dormant  season.  Their  life 
form  relegates  them  to  the  ground  layer  vegetation 
rather  than  the  shrub  strata  above  the  forest  floor.  Spe- 
cies treated  as  low  woody  plants  in  the  herb  tables  are 
Berberis  repens  and  Pyrola  secunda. 

Site  and  Treatment  Information 

To  facilitate  communication  between  users  and  applica- 
tion of  future  results  the  succession  data  base  is  refer- 
enced to  research  study  1802  —  16  of  Research  Work 
Unit  FS-INT-1705,  Forestry  Sciences  Laboratory, 
Missoula,  MT.  Study  areas  are  designated  SD— 01 
through  SD-10  and  SD-14  through  SD-21. 

Succession  data  for  each  study  area  are  supplemented 
by  a  reference  section  containing  information  on  loca- 
tion, site  features  (elevation,  exposure,  and  slope),  prefire 
vegetation,  and  disturbance  treatment.  Information  on 
prefire  vegetation  consisted  of  a  timber  inventory 
(USDA  Forest  Service  1962).  Inventory  types  provided  a 
general  characterization  of  composition,  size,  and  cover- 
age of  the  predominant  or  potential  (for  unstocked  sites) 
prefire  tree  overstory.  A  reconstruction  from  the  charred 
remains  of  shrubs  and  trees  evident  in  the  first  postfire 
growing  season  served  to  further  characterize  the  woody 
plant  component  of  the  prefire  vegetation.  Tree  density 
and  stand  basal  area  were  approximated  from  a  sample 
in  the  first  postfire  year  of  all  standing  snags  in  the  5-m 
square  plots.  Snag  d.b.h.  was  measured  in  centimeters. 
Coniferous  snags  were  sampled  as  a  general  entity  and 
therefore  not  identified  as  to  species.  Relative  density  of 
surviving  shrub  species  was  determined  by  a  count  of  all 
resprouting  shrubs  at  least  0.5  m  high  in  the  5-m  square 
plots.  Information  on  prefire  shrub  species  composition 
was  further  extended  by  noting  those  species  regrowing 
within  but  not  sampled  in  the  5-m  square  plots  as  well 
as  in  the  vicinity  immediately  adjacent  to  these  plots. 
These  unsampled  prefire  species  are  listed  as  "other  spe- 
cies present."  Nonresprouting  charred  shrub  remnants 
were  not  sampled;  thus,  the  reconstruction  provides  only 
a  minimum  representation  of  the  prefire  shrub  commu- 
nity. Species  composition  for  the  prefire  herbaceous  com- 
ponent is  not  presented,  but  a  minimal  approximation  of 
the  prefire  composition  can  be  obtained  by  noting  the 
survivor  and  nonsurvivor  species  designated  for  each 
study  area  in  the  appendix. 


Information  providing  an  indication  of  the  conditions 
from  which  the  development  of  secondary  forest  succes- 
sion commenced  include  evidence  of  prefire  timber  cutting 
and  fire  disturbance.  From  postfire  observation,  prefire 
overstory  appeared  undisturbed  by  cutting  or  logging 
except  for  the  two  instances  noted.  Time  since  cutting 
was  undetermined. 

Wildfire  disturbance  of  study  areas  is  described  by  fire 
intensity,  rate  of  heat  released  at  the  fire  front  (Albini 
1976;  Viereck  and  Schandelmeier  1980),  and  fire  severity, 
heating  sustained  by  the  site  (Ryan  and  Noste  1985). 
Fire  intensity  data  from  Anderson's  (1968)  reconstruc- 
tion of  the  Sundance  Fire  provides  a  measure  of  fire  dis- 
turbance to  the  forest  vegetation.  All  values  reported  by 
Anderson  greatly  exceed  the  minimum  limit  for  high 
intensity  fire  defined  by  Sando  (1978)  as  average  inten- 
sity greater  than  1,200  Btu/sec/ft.  Fire  severity  is  more 
indicative  of  the  disturbance  treatment  sustained  by  the 
vegetation  (Rowe  1983)  because  it  incorporates  the 
downward  heat  pulse  to  ground  layer  vegetation  and 
propagules  and  adventitious  buds  in  the  forest  floor  and 
soil  (Ryan  and  Noste  1985),  as  well  as  the  upward  heat 
pulse  (fire  intensity)  to  vegetation.  Ryan  and  Noste's 
(1985)  fire  severity  matrix  provides  a  relative  standard 
that  permitted  postfire  assessment  of  severity  drawn 
from  the  degree  of  ground  char  and  flame  length.  The 
matrix  comprises  four  ground  char  classes  (U  = 
unburned;  L  =  light;  M  =  moderate;  D  =  deep)  and  five 
flame  length  classes  (1  =  0-2  ft;  2  =  2-4,  3  =  4-8; 
4  =  8—12;  5  =  >12).  Ryan  and  Noste's  fire  severity 
index  ranges  from  1-U  (least  severe)  to  5-D  (most  se- 
vere). As  an  example,  a  fire  rated  at  a  severity  of  R-N 
index  5-M  represents  a  burning  treatment  with  a  flame 
length  exceeding  12  feet  and  moderate  ground  char;  i.e., 
duff  completely  consumed  to  mineral  soil,  logs  deeply 
charred,  lateral  tree  roots  pedestaled.  Observed  immedi- 
ate postfire  condition  of  the  forest  floor— litter  and  duff 
layers  (USDA  Forest  Service  1956)— and  tree  or  shrub 
overstory  are  included  to  permit  reference  with  other 
indices  of  fire  severity. 

SUMMARY  OF  STUDY  AREA 
CHARACTERISTICS 

Site  characteristics  represented  in  the  succession  profiles 
for  the  18  Sundance  Burn  study  areas  include  physical 
site  features,  predisturbance  vegetation,  and  disturbance 
type  (table  3). 

The  physical  characterizations  of  site  are  elevation, 
exposure  of  slope,  and  steepness  of  slope.  The  number  of 
study  areas  falling  within  each  500-foot  (150-m)  contour 
interval  is: 


No.  of 
study  areas 
1 
5 
6 
6 


500-foot  (150-m)  interval 

2,500  to  3,000  feet 
3,000  to  3,500  feet 
3,500  to  4,000  feet 
4,000  to  4,500  feet 


Table  3.— Sundance  study  area  site  characteristics 


Study  area 


Elevation 


Exposure 


Slope 


Cover 

type^  Tree  size^ 


Overstory 

Disturbance 

cover  class 

treatment^ 

Percent 

40-69 

WF 

40-69 

WF 

40-69 

WF 

40-69 

WF 

40-69 

WF 

40-69 

WF 

70-100 

CC/WF 

40-69 

CC/WF 

40-69 

WF 

40-69 

WF 

70-100 

WF 

70-100 

WF 

70-100 

WF 

10-39 

WF 

10-39 

WF 

70-100 

WF 

70-100 

WF 

<10 

WF 

SD-01 
SD-02 
SD-03 
SD-04 
SD-05 
SD-06 
SD-07 
SD-08 
SD-09 
SD-10 
SD-14 
SD-15 
SD-16 
SD-17 
SD-18 
SD-19 
SD-20 
SD-21 


Ft 
2,950 

3,300 

3,550 

3,700 

3,950 

4,200 

4,300 

4,150 

4,100 

4,050 

3,400 

3,450 

3,350 

3,650 

3,550 

4,250 

3,800 

3,450 


Dir. 

Az° 

E 

100 

E 

90 

E 

110 

S 

180 

E 

110 

N 

355 

E 

130 

N 

320 

N 

0 

S 

160 

W 

270 

w 

225 

w 

240 

w 

240 

w 

245 

E 

115 

N 

340 

S 

165 

Pet 
20 

20 

35 

30 

25 

30 

15 

50 

45 

30 

40 

30 

30 

30 

35 

25 

40 

25 


spp. 


LAOC 

Seedling- 

sapling 

LAOC 

Immature 

poletimber 

LAOC 

Immature 

poletimber 

LAOC 

Immature 

poletimber 

LAOC 

Immature 

poletimber 

TSHE 

Mature 

sawtimber 

THPL 

Mature 

sawtimber 

TSHE 

Mature 

sawtimber 

TSHE 

Mature 

sawtimber 

LAOC 

Immature 

poletimber 

PSME 

Immature 

poletimber 

PSME 

Immature 

poletimber 

PSME 

Immature 

poletimber 

LAOC 

Immature 

poletimber 

LAOC 

Immature 

poletimber 

PIMO 

Immature 

poletimber 

PIMO 

Immature 

poletimber 

PSME 

Unstocked 

^Dominant  timber  species:  LAOC 
Tsuga  heteropliylla. 

^Tree  size  classes:  sawtimber  (9  + 
stated,  few  trees  present). 

^WF  =  wildfire;  CC  =  clearcut. 


=  Larix  occidentalis,  PIMO  =  Pinus  monticola.  PSME  =  Pseudotsuga  menziesii,  THPL  =   Ttiuja  pHcata,  TSHE  = 
inches  d.b.hi.),  poletimber  (5  to  9  incfies  d.b.hi.),  seedling  and  sapling  (<5  incfies  d.b.hi.),  unstocked  (tree  size  un- 


Cardinal  exposures  are  represented  as  follows: 
No.  of 
study  areas  Exposure 

4  North 
6  East 
3  South 

5  West 

Steepness  of  slope  (5  percent  intervals)  varied  from  15 
to  50  percent.  Grouped  in  intervals  of  20  percent  for 
gentle,  moderate,  and  steep  slope,  the  representation  is: 


No.  of 
study  areas  Slope 

1  Gentle  (0  to  20  percent) 

13  Moderate  (20  to  35  percent) 

4  Steep  (35+  percent) 

Prefire  vegetation  of  study  areas  described  by  timber 
cover  types  (USD A  Forest  Service  1962)  represents 
three  tree  size  classes— seedling  and  sapling,  immature 
poletimber,  and  mature  sawtimber,  and  four  overstory 
cover  classes— <  10  percent,  10  to  40  percent,  40  to  70 
percent,  and  70  through  100  percent,  as  follows: 


No.  of 
study  areas 


Cover  type 
(tree  size  and  overstory  cover  class) 


8 


Larix  occidentalis 
(Seedling  and  sapling  size  class) 
(40  to  70  percent  crown  coverage) 
(Immature  poletimber  size  class) 
(40  to  70  percent  crown  coverage) 
(10  to  40  percent  crown  coverage) 
Pinus  monticola 

(Immature  poletimber  size  class) 
(70  through  100  percent  crown  coverage) 
Pseudotsuga  menziesii 
(Immature  poletimber  size  class) 
(40  to  70  percent  crown  coverage) 
(Unstocked  tree  class) 
( <  10  percent  crown  coverage) 
Thuja  plicata 

(Mature  sawtimber  size  class) 
(70  through  100  percent  crown  coverage) 
Tsuga  heterophylla 
(Mature  sawtimber  size  class) 
(40  to  70  percent  crown  coverage) 
The  primary  disturbance  initiating  secondary  forest 
succession  was  a  stand-replacing  wildfire.  Additional  dis- 
turbance by  clearcut  logging  that  predated  the  fire 
resulted  in  disturbance  treatments  of  vegetation  as 
follows: 


1 


(1) 


(7) 


(2) 


(3) 


(1) 


(1) 


(3) 


(1) 

(5) 
(2) 


(2) 


(3) 


(1) 


(1) 


(3) 


No.  of 
study  areas 

13 
2 
3 
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APPENDIX:  VEGETATION  INITIATING  SECONDARY  FOREST  SUCCESSION  ON  SUNDANCE  BURN  STUDY  AREAS-  f 
FLORISTIC  COMPOSITION  OF  THE  FIRST  POSTFIRE  YEAR  AND  SPECIES  RESPONSE  TO  THE  FIRE 


Species 


Abbre-    

viation    01 


Sundance  Burn  study  area 


02 


03 


04 


05 


06 


07 


08 


09 


10 


15 


16 


17 


18         19 


20 


21 


TREES 

Abies  grandis^ 

ABGR 

Betula  papyri  fera 

BEPA 

RS- 

RS 

S 

Larix  occidentalism 

LAOC 

Picea  engelmannii^ 

PIEN 

Pin  us  contort  a 

PICO 

S 

Pinus  monticola 

PIMO 

s 

S 

Populus  tremuloides 

POTRE 

R 

RS 

Populus  trichocarpa 

POTRI 

R 

Pseudolsuga  menziesii 

PSME 

PS 

P 

SHRUBS 

Acer  glabrum 

ACGL 

R 

R 

R 

R 

AInus  sinuata 

ALSI 

R 

R 

R 

Amelanchier  ainifolia 

AMAL 

R 

R 

Ceanotlius  sanguineus 

CESA 

S 

S 

S 

S 

S 

Ceanothus  velutinus 

CEVE 

S 

IHolodiscus  discolor 

HODI 

R 

R 

Lonicera  utahensis 

LOUT 

R 

Opiopanax  horridum 

OPHO 

Pactiistima  myrsinites 

PAMY 

RS 

RS 

RS 

RS 

Prunus  emarginata 

PREM 

Ribes  lacustre 

RILA 

Ribes  viscosissimum 

RIVI 

Rosa  gymnocarpa 

ROGY 

R 

R 

R 

Rubus  leucodermis 

RULE 

S 

Rubus  parvitlorus 

RUPA 

R 

R 

R 

R 

Salix  scouleriana 

SASC 

RS 

RS 

RS 

S 

RS 

Sambucus  racemosa 

SARA 

Sorbus  scopulina 

SOSC 

R 

R 

Spiraea  betuli  folia 

SPBE 

R" 

Symphoricarpos  albus 

SYAL 

Vaccinium  membranaceum 

VAME 

R 

R 

R 

R 

HERBS  (includes  low  woody  plants) 

Achillea  millefolium 

ACMI 

Adenocaulon  bicolor 

ADBI 

R 

Agrostis  alba 

AGAL 

s- 

Agrostis  scabra 

AGSC 

s- 

Anaplialis  margantacea 

ANMA 

X 

X 

Apocynum  androsaemifolium 

APAN 

R- 

R- 

R- 

R 

R 

Arabis  tiolboellii 

ARHO 

Aralia  nudicaulis 

ARNU 

R 

Arnica  cordifolia 

ARCO 

Arnica  latifolia 

ARLA 

Asarum  caudatum 

ASCA 

Aster  conspicuus 

ASCO 

Aster  engelmannii 

ASEN 

Athyrium  filixfemina 

ATFI 

Berbens  repens 

BERE 

Calamagrostis  rubescens 

CARU 

R- 

R- 

Calochortus  apiculatus 

GAAP 

Carex  deweyana' 

CADE 

Carex  geyeri 

CAGE 

Carex  rossii 

CARO 

S 

S 

S 

s 

Castilleja  miniata^ 

CAM! 

Chenopodium  album 

CHAL 

s- 

Cirsium  arvense 

CIAR 

Cirsium  vulgare 

CIVU 

Clintonia  uniflora 

CLUN 

R 

R 

R 

R 

Collinsia  parviflora 

COPA 

PS 


PS 


RS 


RS 

RS 

RS 

RS 

RS 

R 

R 

R 

S 

S 

S 

RS 

RS 

RS 

S 

S 

X-         X  X-         X 

R 


R-         R- 
S 
R  R  R  R 


RS 


P 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

S 

RS 
R 

RS 
RS 

RS 
RS 
R 

R-S 

RS 

RS 

RS 

R 

R 

R 

R 

R 

RS 

RS 

RS 

RS 

R 

R 

R 

R 

R 

R 

S 
S 

R 

R 

R 

R 

R 

R 

R 

R 

R 

RS 

R 

R 

R 

RS 

RS 
R 

RS 

R 

RS 

RS 

RS 

RS 

R 

R 

R 

R- 

R- 

R 

R 

R 
R 

R- 
R 

R 

s* 


R- 
R- 

R 

R* 

R- 

R 
S 


S* 
$• 

X 

R 
S 


S  S  S 

R 
S'  s-       S 


(con.) 
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PPENDIX:     (Con.) 

Abbre- 

Sundance Burn  study  area 

Species 

viation    01 

02 

03 

04 

05 

06 

07         08         09         10         14 

15 

16 

17 

18 

19 

20 

21 

l^jnzya  canadensis 

COCA 

8* 

'"mnptantha  affinis 

CRAF 

mBCtylis  glomerata 

DAGL 

Usporum  hookeri 

DIHO 

R 

Hracocephalum  parviflorum 

DRPA 

mpilobium  angustifolium 

EPAN 

s- 

mmilobium  paniculatum 

EPPA 

s- 

Upilobium  watsonii 

EPWA 

s- 

quisetum  arvense 

EQAR 

rigeron  acris' 

ERAC 

rucastrum  gallicum 

ERGA 

estuca  arundinacea 

FEAR 

s 

'ilago  arvensis 

FIAR 

s- 

ragaria  vesca 

FRVE 

lalium  Ififlorum 

GATR 

teranium  bicknellii 

GEBI 

inaphalium  microcephalum 

GNMI 

s 

inaphalium  palustre 

GNPA 

iabenana  elegans 

HAEL 

R- 

iieraclum  albillorum 

HIAL 

liamna  rivulahs 

ILRI 

.actuca  sernola 

LASE 

.ilium  columbianum 

LIOC 

R- 

Lolium  multiflorum 

LOMU 

Lupinus  argenteus 

LUAR 

Luzula  piperi 

LUPI 

Phleum  pratense 

PHPR 

Planlago  major 

PLMA 

Poa  palustris 

POPA 

Polygonum  douglasii 

PODO 

Polygonum  lapalhifolium 

POLA 

Pteridium  aguilinum 

PTAQ 

R 

Pyrola  picta 

PYPI 

Pyrola  secunda 

PYSE 

Rumex  acetosella 

RUAC 

R 

Secale  cereale 

SECE 

Senecio  vulgaris 

SEVU 

Silene  noctiflora 

SING 

Smilacina  racemosa 

SMRA 

Smilacina  stellata 

SMST 

Solidago  canadensis 

SOCA 

Spergularia  rubra 

SPRU 

Stellaria  media 

STME 

Stellaria  obtusa 

STOB 

Taraxacum  officinale 

TAOF 

8 

Ttialictrum  occidenlale 

THOC 

Tiarella  triloliata  var.  unifoliata 

THRU 

Traulvetleria  caroliniensis 

TRCA 

Trifolium  repens 

TRRE 

Trillium  ovatum 

TROV 

Viola  glabella 

VIGL 

Viola  orbiculata 

VIOR 

R 

Xerophyllum  tenax 

XETE 

R 

S*         8- 


8- 


R- 


8- 


s- 


S-         8-         8 
8-         8- 
8-         8- 

S 
8-         8  S 


8- 


R- 


R'8 


8- 


8- 


R- 


R- 


R- 


s- 


s- 


s- 


8- 


8* 


8- 


s- 


8- 


8- 


s- 


8- 


8- 


8- 


s- 


X- 
X- 

S* 

S* 

R 


8- 


S-         8-         8-  S-         8 

S-         8-         S-         8-         S-         8 

s- 


s- 


S-  8 

8 
8 

8  8 

R  R 

R  R 

8  8*         8 

R  R 

R-8      R-  R 
R-         R-  R 


R- 


8- 


R* 

R- 
R- 

8- 


s- 


8- 

8- 

s 

8 

8 

R- 

R- 

R 

R 

R 
8 

R- 
S 

8- 

8- 

8- 

s- 

s- 

s- 

S 

8- 

8- 

s- 

8 

8 

S 

8- 

s- 

8- 

s- 

8- 

8 

8 

8 

S 

s- 

s- 

R 

8 

8 

8 

S 

S" 

S* 

8* 

8 

8 

S 

8 

8 

8 

8 

S 

S 

S 

S 

8 

8 

S 

8* 

8 

s- 

R- 

s- 

s- 

R- 

R- 

s- 

R 

s- 

8 

R- 
S 

S 
8 

R- 

8 
R 

8 
8- 
R- 

8 

S 
R 

S 
R 

s* 


s- 


^Not  observed  in  initial  flora, 

^Key  to  appendix  symbols: 
N   Nonsurvivor. 
P  Reforestation  transplant- 
R  Survivor,  regrowing  from  burned  plant 
S  Colonizer,  seedling  first  poslfire  year 
X   Present  first  year,  postfire  origin  unascertained, 
■    Flov^enng  first  postfire  year. 
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INDEX  TO  DATA  BASE  TABLES  FOR  SUNDANCE  BURN  STUDY  AREAS 

Tabulated  data  are  presented  in  order  of  increasing  SD  study  area  number.  Study  areas  are  indexed  below 
by  prefire  vegetation  and  exposure  of  slope. 

Table  No.  Page 

6-1  -     6-6  44 

9-1  -     9-6  62 

17-1  -  17-6  110 

1-1  -     1-6  14 

2-1  -     2-6  20 

3-1  -     3-6  26 

5-1  -     5-6  38 

16-1  -  16-6  104 

4-1  -     4-6  32 

10-1  -  10-6  68 

11-1  -  11-6  74 

12-1  -  12-6  80 

13-1  -  13-6  86 

8-1  -     8-6  56 

7-1  -     7-6  50 

18-1  -  18-6  116 

14-1  -  14-6  92 

15-1  -  15-6  98 


Exposure 

Study  area  No 

Wildfire  in  standing  timber 

North 

SD-06 

SD-09 

SD-20 

East 

SD-01 

SD-02 

SD-03 

SD-05 

SD-19 

South 

SD-04 

SD-10 

West 

SD-14 

SD-15 

SD-16 

Wildfire  on  clearcut  area 

North 

SD-08 

East 

SD-07 

Wildfire  in  shrubfield 

South 

SD-21 

West 

SD-17 

SD-18 

13 


SUNDANCE  BURN:   1802-16  Study  Area  SD-01 


Site  location  and  description:  NW^iSWi;,  sec.  9,  T.  60  N.,  R.  2  W.  ,  BM;  Elevation:  2,950  ft;  Exposure:  East  (Az. 

Slope:  20% 

Forest  cover  type  and  tree  size  class:  Western  larch  seedling  and  sapling,  40  to  70%  canopy  coverage 

Reconstructed  preflre  forest  stand: 

Tree  component:  Conifer  density:  11.6/0.01  ha;  Average  d.b.h.:  15.2  cm;  Basal  area:  4,298  cm^/0.01  ha 
Shrub  component:  ALSI  50%;  SASC  50%  (Shrub  density:  0.8/0.01  ha); 

Other  species  present:  ACGL,  AMAL,  HODI,  PAMY ,  SOSC,  SPBE,  VAME 

Disturbance  treatment: 

Wildfire:  September  1,  J967  (1900-1930  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  3,400  to  22,500  Btu/sec/ft;  Rate  of  spread:  1  to  6  ml/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 

Table  I-l. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  1-1 


10(1 


Succession  year 


Life  form 
component 


8      9 


10 


11 


12 


13 


14 


Tree 
Shrub 
Herb 
Total  veg. 


2 
14 
16 


4 
37 

41 


4 
31 
35 


1 
12 
33 
46 


14 
32 
45 


1 

17 
32 
49 


2 
21 
28 
51 


3 
18 
34 
55 


4 
29 
38 
70 


29 
36 
73 


10 

17 

19 

19 

39 

49 

77 

68 

34 

46 

25 

34 

82 

112 

121 

121 

Table  1-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  1-2 


1 

Life  form 
component 

Succession 

year 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Tree 

— 

-- 

— 

0.1 

~ 

0.2 

0.9 

1.7 

6.2 

16.2 

24.8 

52.9 

60.5 

82.7 

^ 

Shrub 

0.9 

1.8 

2.1 

3.8 

7.5 

8.1 

8.7 

9.3 

24.9 

27.6 

31.2 

47.4 

94.3 

110.4 

1. 

Herb 

3.7 

10.2 

7.4 

8.6 

8.6 

8.6 

7.6 

9.6 

11.7 

11.2 

10.0 

16.0 

8.0 

13.6 

J 

Total  veg. 

4.6 

12.0 

9.6 

12.5 

16.1 

16.8 

17.2 

20.6 

42.8 

55.0 

65.9 

116.4 

162.8 

206.8 

2-1 

14 


SD  -  01 
140 


120  . 


100  . 


< 

I 

_  80 
Q 

Q 

\  60 


O 


TOTAL  VEG. 


SHRUB 


40   . 


20   . 


0 

0   I   2   3   4   5   6   7   8   9   10  II   12  13  14  15 

SUCCESSION  YEAR 

Figure  1-1.  — Vegetative  cover. 


250  ^ 


TOTAL    VEG. 


HERB 


01        23456789       10 
SUCCESSION   YEAR 

Figure  1-2.  — Vegetative  volume. 


12     13     14     15 
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SD  -  01 

Table  1-3. --Cover  developmenC  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  1-3 

Succession  year 

Species  12     3     4     5      6      7      8      9  10  1 1  12  13  14  15 

Tree 

ABGR  —    —    —     1    —      1      2      2      2  3  3  4  4  A  4 

BEPA  —    —    —    —    —  —     —     —     —  —  —  ~  <1  <1  1 

PICO  —    —    —    —    —  —     <i      1      2  5  7  13  14  14  22 

POTRE  —    —    ~    —    —  --     —     —     —  —  --  —  <1  <1  <1 

Shrub 

ALSI  —    —    —    ~    —  —     --     —     —  —  —  2  4  4  5 

CESA  —    —    —    —    —  —     —     —      2  1  1  2  2  9  10 

CEVE  —    —    —     1     3      2      2      2      7  13  15  24  39  32  32 

PAMY  —    —    —     2     2      1      1      1      1  1  2  2  2  3  3 

SASC  12333      5      9      6     10  7  9  8  17  12  9 

SPBE  —    —    —    —    --  __-_____—  1  1  2  1  2 

VAME  12166              910             9             9  81110  12  6  7 


Table  1-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  1-4 

Succession  year 

Species      1  2      3  4      5      6      7      8     9  10    1 1    12  1 3    14    15 

APAN        —  —     —  —     —     —     —     —  —  —     1     --     —    —    2 

CARD        —  1       1  -- 

CLUN        —  —     —  —     —     --     --     —  —  --    —    --     —    —     2 

EPAN        —  3      3  3      2     —      1      i  —  —    —     i     —     l    l 

PTAQ         9  22     12  16     12     18     18     18  28  18    22    35     18    23   25 


- 

3 

3 

3 

2 

9 

22 

12 

16 

12 

1 

1 

5 

7 

8 

4 

9 

9 

8 

9 

XETE  1  1  5  7  8  8  6117798  6  10  9 

Misc.  4  9  9  8  9  6  3  43  12  22  2—        — 


i 
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PICO 


2       3       4       5      6       7       8       9       10     II      12     13     14     15 
SUCCESSION   YEAR 


Figure  1-3.  — Tree  and  shrub  cover. 


40      ^ 


35      . 


30      . 


< 

I    25 


C9 

Q 
\ 

o 


20       . 


15      . 


10      . 


PTAQ 


'^-■-.  XETE 


0 

0        1        2       3       4       5       6       7       8       9        10     11      12     13     14     15 

SUCCESSION   YEAR 

Figure  1-4.—l-lerb  cover 
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SD  -  01 

Table  1-5. — Volume  development  of  tree  and  shrub  components  (m^/0,01  ha),  fig.  1-5 


Succession  year 


Species 


10 


11 


12     13 


lA 


15 


Tree 
ABGR 
BEPA 
PICO 
POTRE 

Shrub 

ALSI 

CESA 

CEVE 

PAMY 

SASC 

SPBE 

VAME 


0.1  ~      0.2    0.5    0.8    0.9    1.4    1.8    2.6    3.9  5.0  6.0 

.3  1.2  2.2 

.A     .9    5.3   1A.8   23.0   50. A   56.0  76.1  118.9 

.3  .5  .6 

3.1    7.3  9.6  9.0 

A. 6    3.5    3.3    5.5    6.8  2A.3  30.2 

.A   2.5    1.8    1.1    2.2    8.2    15. A    16.1   29.3   57.8  60.6  57.9 

.2   0.2     .1     .1     .1     .1     .1     .A     .2     .A  .5  .6 

0.8   1.6   2.0   2.3   3.7    A. 6    5.6    5.1    10.1    7.1    9. A    7.3    18.8  13.8  10.1 

-    —    —    —    —     —     —     —     —     —       .1     .2     .A  .1  .5 

.1    .2    .1    1.0   1.1    1.6    2.0    1.9    1.9    l.A    1.9    1.8    2.7  l.A  1.7 


Table  1-6. — Volume  development  of  herb  component  (m'^/O.Ol  ha),  fig.  1-6 


Succession  year 

Species 

1 

2 

3 

A 

5 

6 

7 

8 

9 

10 

11 

12 

13 

lA 

15 

APAN 

— 

— 

— 

— 

— 

— 

— 



— 



0.1 







0.3 

CARO 

~ 

0.1 

<0.1 

— 

— 

— 

— 

— 

— 

~ 

~ 

~ 

— 

— 

— 

CLUN 

— 

— 

— 

— 

— 

— 

— 

__ 

— 

— 

— 

— 

— 

— 

.2 

EPAN 

— 

1.0 

.8 

1.0 

0.8 

— 

0.3 

0.3  - 

-- 

— 

— 

0.8 

— 

O.A 

.3 

PTAQ 

2.9 

7.5 

A.O 

5.1 

A. A 

6.0 

5.7 

6. A 

9.8 

6.7 

7.3 

12.7 

6.3 

10.3 

11.5 

XETE 

.1 

.2 

1.0 

1.2 

1.5 

l.A 

1.1 

2.0 

l.A 

1.7 

2.2 

2.3 

l.A 

3.0 

5.6 

Misc. 

.7 

1.5 

1.6 

l.A 

1.8 

1.2 

.5 

.8 

.A 

2.9 

.A 

.2 

.2 

— 

— 
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PICO 


CEVE 


,  CESA 


SASC 


0       1       2       3       4       5       6       7       8       9       10     11      12     13     !4     15 
SUCCESSION   YEAR 

Figure  1-5.  — Tree  and  shrub  volume. 


40   ^ 


30   . 


< 

I 


O 


20   . 


10   . 


PTAQ 


XETE 


0 

0   1   2   3   4   5   6   7   8   9   10  11   12  13  14  15 

SUCCESSION  YEAR 

Figure  1-6.— Herb  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-02 

Site  location  and  description:  SESi;SE%  sec.  8,  T.  60  N.,  R.  2  W.,  BM;  Elevation:  3,300  ft;  Exposure:  East  (Az.  90  ; 
Slope:  20% 

Forest  cover  type  and  tree  size  class:  Western  larch  iTrmature  poletimber,  40  to  70%  canopy  coverage 

Reconstructed  prefire  forest  stand : 

Tree  component :  Conifer-paper  birch  density:  14.8/0.01  ha;  Average  d.b.h.:  11.4  cm; 

Basal  area:  2,144  cm^/O.Ol  ha 
Shrub  component:  SASC  100%  (Shrub  density:  0.4/0.01  ha); 

Other  species  present:  ACGL,  ALSI,  RUPA 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1800-1900  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  3,400  to  11,300  Btu/sec/ft;  Rate  of  spread:  1  to  2.5  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crovm  foliage:  Mostly  consumed  or  scorch  killed;  Litter-duff:  Consujdl\ 

lit 
Table  2-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  2-1  I 


L,ife  form 
:omponent 


free 
Shrub 
lerb 
Total  veg. 


11 
83 

94 


Succession  year 


10 


19 

24 

29 

37 

1 
52 

3 
64 

1 
84 

45 
57 

54 
63 

78 

75 

72 

72 

69 

72 

78 

77 

78 

98 

99 

100 

110 

122 

139 

162 

179 

194 

11 


53 

82 

88 

223 


12 


76 

76 

86 

238 


IB 


'able  2-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  2-2 


,ife  form 
;omponent 


Succession  year 


10 


il 


12 


hrub  5.1  12.3  11.7  17.1  29.6 
erb  35.4  45.8  47.5  44.0  41.0 
otal  veg.    40.5   58.1    59.2   61.1    70.6 


0.3  1.2  0.2  183.3  230.7  283.4  409.9 

64.2  71.5  119.5  84.2  111.3  163.2  145.9 

42.8  40.5  48.6  45.4  59.4  79.2  81.7 

107.2  113.2  168.4  312.9  401.4  525.9  637.5 
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TOTAL   VEG 


-  -.  HERB 
SHRUB 
TREE 
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Figure  2-1.  — Vegetative  cover. 


TOTAL   VEG. 
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18       11        12 


Figure  2-2.  — Vegetative  volume. 
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SD  -  02 


Table  2-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  2-3 


'free 
BEPA 
PSME 

Shrub 

ALSI 
CESA 
CEVE 
PAMY 
RUPA 
SASC 


Succession  year 


Species     12     3     4     5 


9     10     11     12 


—    —    —      1  3  1  43  48  47 

—  —  —  2  5  6 

—  <1    <1     1     1      2  ~  2  ~  ~  2 

—  <1     1     3    11     20  33  43  23  32  49 

10    12    14    17    15     13  15  18  18  15  11 

1     7     8     8    10     16  15  20  16  16  20 


69 
7 


<1 
35 
<1 
1 
14 
25 


Table  2-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  2-4 


Species      1 


Succession  year 


10     11 


12 


ANMA 
APAN 
ARNU 
DIHO 
EPAN 
HIAL 
PTAQ 
TRRE 
Misc. 


40     30 


27     22     23 


40     42     43     37     33     38 

5 

2      2      3      5      4      1 


59 


2  1 

3  5 
1 


14    12 


57    57 


1 
10 


2 

9 

1 

55 


1 
8     5 

76    74 
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Figure  2-3.  — Tree  and  shrub  cover. 
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Figure  2-4.— Herb  cover. 
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SD  -  02 
Table  2-5. 

— Volume  development  of 

tree 

and  shrub  components  (m^/0.01  ha). 

fig.  2-5 

1 

Succession  year 

Species 

12     3     4 

5 

6      7      8      9     10 

11 

12 

Tree 

BEPA  ~  —  ~  —  ~  0.3  1.2  0.2  179.1  219.6  268.4  386.4 

PSME  —  —  —  ~  ~  ~  —  --  4.1  11.1  15.0  23.5 

Shrub 

ALSI  ~     0.8   1.1  3.5  4.2  4.8  —  5.1  ~  ~  6.1  <0.1 

CESA  ~     <.l    .5  2.4  13.5  40.2  52.9  81.0  51.7  79.8  112.6  96.0 

CEVE  —  —  —  ~  —  —  —  —  —  ~  ~  .1 

PAMY  —  —  —  —  —  —  —  —  —  —  —  .5 

RUPA       3.2   3.5  4.2  4.3  3.9  3.3  4.2  6.9  8.9  4.5  4.0  5.1 

SASC      1.9   7.9  5.9  6.9  8.0  15.8  14.4  26.4  23.6  26.9  40.5  44.1 


Table  2-6. 

— Volume  development  of  herb  component  (m^/0.01  ha),  fig. 

2-6 

' 

Succession  year 

Species 

12      3      4      5      6      7      8 

9 

10 

11 

12 

r            ANNA  ~  ~  —  —      0.8  ~  --      0.8  0.3  0.8  0.5   0.8 

■     APAN        0.3    2.0    2.2    0.5    2.0    2.6    1.3    1.1  1.6  3.5  1.6    1.5 

ARNU  ~  ~  ~  ~  —  —  —  —  .1  ~ 

DIHO  —  —  —  --  --  —  ~  —  —      .4  ~  .2 

EPAN  17.7  18.6  13.2  14.3  13.9  17.1    3.9    7.0  6.2  6.0  5.4   3.8 

HIAL  ~  —  —  —  —  --  —  —  —  <.l  — 

PTAQ  17.1  24.9  31.1  27.5  22.8  22.9  35.2  39.4  37.0  48.7  71.7   75.3 

TRRE  —  —  —  —       .6 

;     Misc.        .3     .4     .9    1.6     .9     .2  ~       .4  .2  ~ 
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Figure  2-5.  — Tree  and  shrub  volume. 
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Figure  2-6.— Herb  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-03 

Site  location  and  description:  NV-JiiSEii.  sec.  8,  T.  60  N.,  R.  2  W.  ,  BM;  Elevation:  3,550  ft;  Exposure:  East  (Az.  1] 
Slope:  35% 

Forest  cover  type  and  tree  size  class:  Western  larch  immature  poletimber,  40  to  70%  canopy  coverage 

'.    Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  9.2/0.01  ha;  Average  d.b.h.:  20.1  cm;  Basal  area:  4,644  cm^/0.01  ha 
Shrub  compl^^^t:  ARAL  17%,  HODI  17%,  POTRE  50%  (Shrub  density:  2.4/0.01  ha); 
Other  species  present:  ACGL ,  PAMY,  ROGY ,  RUPA,  SASC,  VAME 

Disturbance  treatment: 
I      Wildfire:  September  1,  1967  (1800-1900  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  3,400  to  11,300  Btu/sec/ft;  Rate  of  spread:  1  to  2.5  mi/h; 
Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter:  Consumed;  Duff:  Almostly  complete' 
consumed 

•  Table  3-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  3-1 


Succession  year 


Life  form 
component 


10 


11 


12 


Tree 
Shrub 
Herb 
Total  veg. 


4 
14 
52 
70 


47     58 

60     58 

107    116 


96    135 

62     65 

159    200 


132 

67 

199 


150 

46 

196 


204 

62 

266 


7 

143 

72 

222 


6 

115 

69 

189 


3 

107 

73 

183 


7 

132 

77 

216 


Table  3-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  3-2 


Life  form 
component 


Succession  year 


10 


11 


i: 


Tree  2.7  —  ~  —  —  —  ~     —  14.1  16.3  9.8  23.5 

Shrub  9.3  49.3  52.0  112.0  162.0  226.6  196.0  317.9  242.1  219.8  200.9  219.0 

Herb  15.1  25.8  29.6  31.3  37.0  46.5  25.4   42.0  54.5  65.0  68.6  75.8 

Total  veg.  27.1  75.2  81.5  143.3  199.0  273.0  221.4  359.9  310.6  301.1  279.3  318.3 
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Figure  3-1.  — Vegetative  cover. 
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Figure  3-2.  — Vegetative  volume. 
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Table 

3-3. 

— Cover  deve 

lopment 

of 

tree 

and 

shr 

ub 

comp 

onents 

(m^/O.Ol 

ha  or 

%).  fig. 

3-3 

!S 

Si 

accession  y 

ear 

Specie 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Tree 

POTRE 

4 

— 

— 

— 

— 

— 

— 

— 

7 

5 

2 

6 

PSME 

— 

— 

—  "" 

__ 

"""■ 

^^ 

" 

" 

""*" 

1 

1 

2  ! 

Shrub 

ACGL 

— 

— 

— 

— 

— 

1 

— 

1 

— 

— 

1 

—  " 

AMAL 

1 

2 

3 

3 

2 

6 

2 

6 

2 

3 

1 

2 

CESA 

2 

20 

27 

60 

104 

93 

115 

158 

107 

73 

59 

78  \ 

HODI 

3 

7 

11 

5 

5 

1 

8 

1 

1 

2 

1 

2 

PAMY 

1 

1 

2 

5 

5 

8 

8 

9 

8 

15 

18 

20 

PREM 

— 

— 

— 

— 

— 

— 

— 

— 

<1 

— 

— 

!i 

RIVI 

— 

— 

— 

— 

— 

1 

— 

— 

— 

— 

— 



ROGY 

— 

— 

— 

— 

<1 

<1 

<1 

2 

1 

<1 

<1 

1 

RUPA 

q 
-* 

2 

1 

3 

4 

4 

3 

8 

6 

5 

2 

4  l| 

SASC 

2 

15 

13 

19 

14 

20 

13 

19 

18 

17 

24 

25   : 

Table  3-4. — Cover  development  of  herb  component  (m^/O.Ol  ha  or  %) ,  fig.  3-4 

Succession  year 


Species  1      2      3      4  5  6  7  89    10    11    12 

ANMA  —     —     —     —  —  —  —  —      11 

APAN  2               1               1               4  7  5  4  88          14          128 

ARNU  —             ~             —             —  —  —  —  —           —              1              2             2 

CARU  —             --             —             —  —  —  —  —           —              1           __              1 

CARD  —_„____  1  2  2  2             2             13             3 

CAI4I  —             —             —             —  —  —  —  —           __           „_              1              1 

DIHO  —22222323223 


EPAN 

32 

25 

27 

24 

23 

15 

6 

5 

7 

3 

6 

1 

FEAR 

— 

— 

— 

— 

— 

— 

1 

1 

1 

1 

*") 

1 

PTAQ 

14 

22 

24 

24 

27 

41 

28 

40 

49 

46 

45 

56 

Misc. 

3 

10 

5 

8 

5 

2 

2 
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— 

28 
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_  -  PAMY 


0123456789 

SUCCESSION   YEAR 

Figure  3-3.  — Tree  and  shrub  cover. 


POTRE 


10       11        12 


60      ^ 


PTAQ 


\  APAN 


"n,  EPAN 


0123456789 

SUCCESSION   YEAR 


10       11       12 


Figure  3-4.— Herb  cover. 
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Table  3-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  3-5 


Tree 

POTRE 

PSME 


2.7 


Succession  year 


Species     12     3     4     5 


9     10     11     12 


14.1    15.1    8.4   20.0 
1.1    1.4    3.5 


Shrub 

ACGL 
AMAL 
CESA 
HODI 
PAMY 
PREM 
RIVI 
ROGY 
RUPA 
SASC 


— 

— 

— 

— 

— 

1.6 

— 

2.5 

— 

— 

2.8 

— 

1.0 

1.9 

2.5 

3.4 

2.5 

7.6 

1.7 

4.9 

2.1 

3.2 

1.6 

2.7 

.1 

7.5 

13.2 

57.2 

123.9 

162.7 

150.2 

252.3 

183.6 

154.6 

113.0 

114.9 

3.4 

7.7 

10.7 

4.9 

5.8 

1.5 

12.6 

1.7 

2.5 

3.3 

1.8 

4.7 

<.l 

<.l 

.4 

.6 

.7 

1.2 
1.3 

1.6 

2.5 

2.2 
.4 

4.3 

5.8 

6.7 

— 

— 

— 

— 

.2 

.2 

.2 

.8 

.3 

.3 

.2 

.5 

1.0 

.8 

.4 

1.1 

1.9 

1.6 

1.3 

4.3 

3.1 

1.9 

1.0 

1.5 

3.8 

31.4 

24.8 

44.8 

27.1 

48.9 

28.4 

48.9 

47.9 

52.1 

74.7 

88.1 

Table  3-6. — Volume  development  of  herb  component  (m^/0.01  ha),  fig.  3-6 


Species 


Succession  year 


1 


10 


11 


12 


ANMA 
APAN 
ARNU 
CARU 
CARO 
CAMI 
DIHO 
EPAN 
FEAR. 
PTAQ 
Misc. 


0.4  0.6  ~ 

0.3    0.2    0.1    1.0    2.0    1.5    1.4    2.8   3.6  5.9  5.9 

__    __  .2  .7 

__    __  .2  ~ 

.1     .1     .3     .4    .3  .1  .4 

.8 

.4     .3     .3     .5     .6     .9     .9    1.2  .6  .4 

9.4   12.7    12.7    14.5   16.3   13.2    3.2    2.5   4.3  2.1  5.5 

.1     .1    .2  .3  .4 

5.1    10.3   15.0   13.2    17.6   30.6    19.2   34.6  44.2  55.0  54.1 

.3    2.2    1.4    2.2     .6     .4     .3     .7    .3  ~  .3 
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Figure  3-5.  — Tree  and  shrub  volume. 
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Figure  3-6.—l-lerb  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-04 

Site  location  and  description:  SE^SEH.  sec.  8,  T.  60  N.,  R.  2  W.,  BM;  Elevation:  3,700  ft;  Exposure:  South  (Az, 
Slope:  30% 

Forest  cover  type  and  tree  size  class:  Western  larch  iimnature  poletimber,  40  to  70%  canopy  coverage 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  22,4/0.01  ha;  Average  d.b.h.:  15.4  cm;  Basal  area:  7,307  cm^/0.01  ha 
Shrub  component:  Species  present:  LOUT.  PAMY,  RUPA,  VAME 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1800  hrs)  ;  Succession  year  1:1968; 

Fire  intensity:  11,300  Btu/sec/ft;  Rate  of  spread:  2.5  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 


Life  form 
component 


10 


11 


12 


13 


14 


Table  4-1. 

— Success 

ional 

develc 

pme 

nt  of 

vegetative  cover  (m' 

/O 

01  ha  or  %) , 

fig- 

4-1 

Life  form 
component 

Succession 

year 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Tree 

~ 

— 

<1 

— 

<1 

— 

— 

1 

5 

9 

10 

11 

23 

27 

Shrub 

— 

<1 

5 

9 

17 

15 

15 

30 

30 

32 

32 

38 

48 

70 

Herb 

29 

52 

48 

47 

56 

48 

53 

53 

62 

62 

55 

60 

60 

63 

Total  veg. 

29 

52 

53 

57 

73 

63 

69 

84 

96 

103 

97 

110 

131 

160     j 

Table  4-2. 

— Success 

ional 

develo 

pment  of 

vegetative  vo 

lume  (m^/0.01 

ha),  fig 

4-2 

Succession  year 

Tree 
Shrub 
Herb 
Total  veg. 


<0.1   ~      0.2 
0.2    2.0    4.8   11.2    10.8 
5.6    17.2    18.5   21.4   23.7    18.7 


1.6    7.2    18.1    21.9   28.8   68.0   92.3 

9.0   33.2   33.8   41.9   42.9   45.9   68.1   114.7 

19.1   20.6   27.7   26.0   24.0   29.1   30.2   38.7 


5.6   17.4   20.5   26.2   35.1   29.5   28.1   55.5   68.6   86.0   88.8   103.8   166.2   245.6 
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Figure  4-1.  — Vegetative  cover. 
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Figure  4-2.  — Vegetative  volume. 
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Table  4-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  A-3 


Species  1 


Succession  year 


10 


II 


12 


13 


14 


15 


Tree 

PICO 

PIMO 

POTRE 

PSME 


<1 


<1 


<1 

2 


<1 
4 


13 


1 
10 


15 
<1 


2I|  ( 

-!. 

13 


Shrub 

ALSI 

CESA 

LOUT 

PAMY 

ROGY 

RUPA 

SASC 

VAME 


<1 


<1 


1  <1 


<1  <1 


9  17  14  14 

1 


3 
7 
1 
1 
<1 


16 
2 


3 
5 

1 

<1 


16 
4 


< 

16 
2 


1 

1 

<1 


16 

2 


7 
6 
2 
1 

<1 


11 

14 

2 

2 

<1 


15 
3 


18 

15 

3 

3 

<1 


27 
3 


21( 

18 

6 

6 

1 

31 

3 


Table   4-4. — Cover   development   of   herb  component    (m^/0.01    ha   or   %) ,    fig.    4-4 

Succession  year 

Species               12               34  5               67               89          10          11 

ANMA                    ________  2                2                1                12—1 

APAN 

EPAN        18     32     31     28  29     19     11     12    12    12     8 

PTAQ         9     17     16     17  24     25     38     37    47    47    40 

VIOR        —     —     _-     —  —     —     —     __    __    —     1 

Misc.        2222  1234145 


12 


13    14    15 


2 

1 

11 

46 


52 


2 

— 

1 

~ 

6 

2 

4 

63 

1 

1 
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\Figure  4-3.  — Tree  and  shrub  cover. 
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Figure  4-4.— Herb  cover. 
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Table  4-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  4-5 


Succession  year 


Species     12     3     4     5      6      7      8      9     10     11     12     13     14 


Tree 

PICO  —  —  —  —  --  —  —  —      3.8   10.6  11.7  13.6  40.3  60.2  9 

PIMO  —  ~  --  —  --  —  —  —     —     —  —  ~  ~  .1   - 

POTRE  —  —  ~  ~  ~  —  —  --       .1      .3  1.0  1,3  2.4  4.0 

PSME  ~  ~  <0.1  —     0.2  —  —  1.6    3.2    7.2  9.2  13.9  25.2  28.0  4 

Shrub 

ALSI  —  —  ~  —  —  —  —  7.6    7.6    9.0  10.0  15.6  18.8  35.2  4 

CESA  —  —  —  —  —  —  —  10.5    9.3    14.4  15.8  9.6  28.9  40.7  4 

LOUT  —  —  —  —  —      0.4  0.1  .3  .7     .8  .9  1.8  2.6  2.3 

PAMY  —  —  —  —  —  —  ~  .5   —        .2  .2  .2  .5  1.3 

ROGY  —  —      .2  —  —       .1  .2  .3  .2  ,7  .4  .3  .2  .3  - 

RUPA  —  —  —  --  --  —  —  —     —       .2 

SASC  —  0.2  1.9  4.8  11.2  10.3  8.4  13.6   14.9    15.9  15.4  16.9  16.0  33.7  4' 

VAME  —  —  ~  —  --  ~  .3  .4     1.2      .7  .3  1.6  1.2  1.2 


Table  4-6. — Volume  development  of  herb  component  (m^/O.Ol  ha),  fig.  4-6 


Succession  year 


Species      1      2      3      4      5      6      7      8     9    10    11    12     13    14 


ANMA  —  —  —  —      0.6  1.3    0.1    0.2  0.5  --     0.2   0.7  0.2  0.7 

APAN  —  —  —  —  —  —  —  —  ~  —  —       .3  —       .1 

EPAN        3.6  11.5  13.0  15.2  14.6  8.4    3.8    6.0  6.8   6.3   4.8   8.7    5.3  3.2   : 

PTAQ        1.9    5.2    5.1  5.7    8.4  8.8  14.8  13.2  20.2  18.7  17.7   19.4  24.6  34.6  3 

VIOR  —  —  —  —  —  —  —  —  —  —     <.l  —  —  <.l   -1 

Misc.        .2     .5     .4     .4     .2     .3     .4    1.3    .1     .9    1.2— 
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Figure  4-5.  — Tree  and  shrub  volume. 
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Figure  4-6.— Herb  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-05  ■ 

Site  location  and  description:  NE^SW^s  sec.  8,  T.  60  N.,  R.  2  W.,  BM;  Elevation:  3,950  ft;  Exposure:  East  (Az.  .( 
Slope:  25% 

Forest  cover  type  and  tree  size  class:  Western  larch  immature  poletimber,  40  to  70%  canopy  coverage 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  14.4/0.01  ha;  Average  d.b.h.:  12.8  cm;  Basal  area:  2,571  cm^/0.01  ha 
Shrub  compol^t:  ALSI  60%,  RUPA  20%,  SASC  20%  (Shrub  density:  2.0/0.01  ha); 
Other  species  present:  ACGL,  PAMY ,  ROGY ,  SOSC.  VAME 

Disturbance  treatment:  ! 

Wildfire:  September  1,  1967  (1800  hrs)  ;  Succession  year  1:1968; 
Fire  intensity:  11,300  Btu/sec/ft;  Rate  of  spread:  2.5  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter:  Consumed;  Duff:  Almost  complete!', 
consumed  ; 

Table  5-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  5-1 


Life  form 

Succession 

year 

component 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14     1 

Tree 

~ 

— 

— 

— 

— 

~ 

— 

— 

<1 

1 

3 

5 

6 

11     1 

Shrub 

1 

10 

11 

10 

19 

27 

34 

38 

37 

27 

34 

28 

39 

52     5 

Herb 

65 

82 

75 

68 

77 

56 

68 

70 

75 

80 

77 

65 

74 

81     8 

Total  veg. 

66 

93 

86 

79 

96 

83 

102 

108 

113 

107 

113 

99 

119 

144    15 

Table  5-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  5-2 

Succession  year 

Life  form    

component      1      2      3      4      5      6      7      8      9  10  11  12  13     14  1 

Tree         —     —     —     —     —     —     --     —      0.8    1.1    6.7  13.4  17.4   31.3  I 

Shrub         0.2    8.1    8.1    8.6   21.4   30.1   36.4   51.1   45.2  39.1  41.6  30.2  51.9   75.2  .5 

Herb          19.1   55.2   49.9   43.3   47.5   32.7   38.7   39.6   46.6  56.9  46.3  42.9  48.2   59.3  ( 

Total  veg.     19.3   63.2   58.0   52.0   68.8   62.8   75.1   90.7   92.6  97.1  94.7  86.6  117.5  165.7  ! 


38 


TOTAL  VEG, 


HERB 


.  SHRUB 


TREE 


0   1   2   3   4   5   6   7   8   9   18  11   12  13  14  15 

SUCCESSION  YEAR 


Figure  5-1.  — Vegetative  cover. 
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Figure  5-2.  — Vegetative  volume. 
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Table  5-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  5-3 


Species      1 


Tree 

POTRE 

PSME 

Shrub 

ALSI 

PAMY 

RUPA 

SASC 

VAME 


Succession  year 


10     11     12     13     14     15 


—     —     —     —     <1      1      1 

2 

-  2    —    —     2     —      5      3      2      6      3 

-  —  —  —  1  1  1  1  3  1  2 
15322254333 

-  4  8  9  14  23  23  28  29  17  24 
—          —          —          —               1            __               2               1               1  2 


1  1 

10  12 


3 

8 

7 

12 

2 

2 

<1 

2 

3 

2 

5 

8 

8 

24 

36 

34 

2 

2 

4 

3 

Table    5-4. — Cover   development   of   herb   component    (m^/0.01   ha   or   %) ,    fig.    5-4 


Species 


Succession  year 


10    11     12     13    14    15 


AN  MA 
APAN 
CARD 
DIHO 
EPAN 
FEAR 
HIAL 
PTAQ 
SMST 
THOC 
TRRE 
Misc. 


46 


17 


52 


30 


46 


29 


39 


37 


28 


38 
1 


36 


44 
1 


22    19    17    17    12 
__    __     1     1 

—    ~     3     2 

42    52    57    52    47 

112     12 

I 


2    3 
1 
1 
1 
11    8 


3  2  3 

58  60  62 

1  2  1 

2  2  2 


40 
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Figure  5-3.  — Tree  and  shrub  cover. 
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Figure  5-4.— Herb  cover. 
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Table  5-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  5-5 


Succession  year 


Species     1     2     3     A     5      6      7      8      9  10  11  12  13  lA 

Tree 

POTRE  —    —    —    —    —     —     —     —      0.8  1.1     2.0  1,6  1.2  1.6     ;5  ( 

PSME  —    —    ~    —    —     —     —     —     —  ~      A. 8  11.9  16.2  29.7   4''7 

Shrub 

ALSI  —     2.5  ~    —     3.5   —     10.5    7.8    A. 7  13.0    A. 5  A. A  18. A  12.0   Z^jsl. 

PAMY  —    —    —    --      .1    0.1     .3     .6    1.1  .3     .9  .9  .9  .2     (\ 


RUPA  0.2  2.1  l.A  0.3  .A  .5  l.A  1.3  1.3  1.1  .8  1.0  .9  1.8  ':} 
SASC  —  3. A  6.7  8.3  17.3  29.3  2A.2  A0.6  37.7  2A,A  35.2  23. A  30.9  60.1  579 
VAME      ~    —    —    ~    —       .2    —       .8      .A      .3      .3      .5      .7     1.1     U 


I) 


Table  5-6. 

— Volume 

development  of  herb 

component  (m^/0.01  ha),  fig. 

5-6 

Succession  year 

Species 

1 

2      3      A 

5      6      7      8 

9 

10 

11 

12 

13 

lA    1 

ANMA  —  --  --  --  —      O.A    1.1    0.6  0.5  0.8  —  0.3  1.0  1.7    1 

APAN 

CARO  ~  --  ~  ~  —  —       .2   ~  .1  .1     .1     .1  .1  .1   — 

DIHO  —  —  —  —  --  —  —     ~  ~  —    —    —  —  .1   — 

EPAN  13.8  38.1  29.2  25.8  21.7    9. A    9.1    12.1  11.1  1A.3   9.5   9.2  A. 8  6.2    5, 

FEAR  --  --  —  --  —  —       .1   —  —  —  .2    .2 

RIAL  —  —  —  —  —  —  —     ______  .2    .1  .2  .1     . 

PTAQ  A. 6  16.9  20.7  17.4  25.7  22.7  27.9   26.2  3A.7  A0.7   35.8   32.0  41.0  49.4   52. 

SMST  —  —  —  —       .1  —       .1     .1  .1  .3    .2    .3  .1  .3 

THOC  —  —  —  —  —  —  —     —  —  —    —      .6  1.0  1.3    1. 

TRRE  —  —  —  —  —  —       .2 

Misc.        .7     .2  ~       .1     .1     .1  —       .7  —  .7    .4  —  —  <.l   ~ 
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Figure  5-5.  — Tree  and  shrub  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-06 

Site  location  and  description:  SE^NWii  sec.  8,  T.  60  N.,  R.  2  W. ,  BM;  Elevation:  A, 200  ft;  Exposure:  North  (Az. 
Slope:  30% 

Forest  cover  type  and  tree  size  class:  Western  hemlock  mature  sawtimber,  AO  to  70%  canopy  coverage 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  2.A/0.01  ha;  Average  d.b.h.:  A3. 7  cm;  Basal  area:  A, 139  cm^/0.01  ha 
Shrub  component:  Species  present:  VAME 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1800-1900  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  3,A00  to  11,300  Btu/sec/ft;  Rate  of  spread:  1  to  2.5  ml/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 


Table  6-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  6-1 


Table  6-2. — Successional  development  of  vegetative  volume  (m'^/O.Ol  ha),  fig.  6-2 


IH 


Life  form 

Succession 

year 

1 

component 

1 

2 

3 

A 

5 

6 

7 

8 

9 

10 

11 

12 

13 

"       1 

Tree 

— 

— 

— 

— 

— 

— 

— 

1 

1 

5 

7 

8 

lA 

11         : 

Shrub 

1 

3 

10 

17 

16 

22 

23 

27 

25 

2A 

26 

30 

38 

A6      1 

Herb 

6 

3A 

28 

25 

23 

lA 

23 

21 

27 

28 

26 

30 

25 

28     7 

Total  veg. 

7 

37 

39 

A2 

39 

36 

A6 

A8 

53 

56 

59 

68 

77 

8A      2 

Life  form 
component 


Succession  year 


10 


11 


12 


13 


lA 


Tree 
Shrub 
Herb 
Total  veg. 


0.1    1.6    5.6   12.6   13.1 
.5    1A.2    12.2    10.0    9.8 


A. A 


0.2    0.3    A. 2    8.0    10. A   2A.0   27.7 
18.2   22.2   20.5   23.8   22.0   28.2   35. A   51.0    I 
8. A    8. A    9.9    12. A    7.9    12.8    9. A    10.3 


.6   15.8    17. 


22.6   23.0   23.2   26.7   30.7   30.7   A0.5   37.9   51. A   68.8   89.0    1 
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Figure  6-1.  — Vegetative  cover. 


120      r. 


TOTAL  VEG, 


SHRUB 


TREE 


HERB 


0       1       2       3       4       5       6       7       8       9       10     11      12     13     14     15 
SUCCESSION   YEAR 

Figure  6-2.  — Vegetative  volume. 
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Table  6-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  6-3 

Succession  year 

Species     12     3     4  5  6  7  8      9     10     1 1     12     13     14     15 

1     ■ ~~ 

Tree 

ABGR       ~    —    —    —  —  —  —  1       1      2      2      2      3 

]     LAOC       ~    —    —    ~  —  ~  ~  —     —     ~     —     —     <1       1      <I 

PIMO       ~    ~    —    —  --  ~  —  ~     —     —     —     —     —      1      2 

POTRE      —    —    —    —  —  —  —  —     <1     <I     —      <1       1     —     <1 

PSME       ~    --    —    —  _-  —  —  --—      3      6      6      9      9     13 

T 

Shrub 

I           PAMY       —    —    ~    —  —  —  —  1       1       1     —     —      3      2      4 

c     SASC        1     3    10    17  16  22  23  26     25     23     26     30     36     43     43 

VAME       ~    ~    —    —  —  —  —  —     —     —     —     —     —      1      4 


Table    6-4. — Cover   development    of   herb   component    (m   /O.Ol    ha   or    %) ,    fig.    6-4 

Succession  year 
Species  1  2  3  4  5  6  7  8  9  10  1 1  12  13  14        15 

ANMA  —  —  __  —  —  __  1  22788  786 

EPAN  6  34  28  25  22  14  22  18  20  13  11  10  7  9  8 


HIAL  —  —  —  —  --  —  —  —  1  5  6  10  11  8  8 

X  VIOR  —  —  —  --  —  —  --  —  —  —  —  —  —  2  2 


Misc.  __  —  __—  1  —  1  2  3  2  12  1  —  2 
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Figure  6-3.  — Tree  and  shrub  cover. 
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Table  6-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  6-5 

Succession  year 

Species     1  2  3  A  5  6      7      8      9     10     1 1     12     1 3     14     15 

Tree 

ABGR  ~  —  —  --    ~  ~  --  0.2    0.2    0.5    0.7    0.7    2.5 

LAOC  ~  —  —  —    —  —  —  ~     ~     —     --     ~       .7    1.4    1.1 

PIMO  —  ~  —  —    —  —  ~  ~     ~     —     --     —     —       .5    1.3 

POTRE  —  —  —  ----  —  —  —       .1     .2        —                 .2     .6   —       .4 

PSME  ~  —  —  —    —  —  —  —     —      3.5    7.3    9.5   20.2   25.8   41.6 

Shrub 

PAMY  —  —  —  —    —  ~  ~       .3     .4     .5   ~     —      1.5    1.5    2.4 

SASC  0,1  1.6  5.6  12.6   13.1  18.8  18.2  21.8   20.1   23.3   22.0   28.2   33,9   49.2   55.4 

VAME  ~  ~  —  —    —  --  —  —     —     —     —     —     —       .3    3.5 


Table  6-6. — Volume  development  of  herb  component  (m  /O.Ol  ha),  fig.  6-6 


Succession  year 


Species      1      2      3      4      5      6  7  8  9    10  1 1    12     13    14  15 

ANMA  —  —  —  —  —  —  0.3  0.8  1.1   2.9  3.1   2.8    2.6   3.6  2.4 

EPAN  0.5  14.2  12.2  10.0    9.6  4.4  7.9  7.2  8.1   6.9  3.7   6.0    3.0   3.7  4.6 

HIAL  —  —  —  —  —  —  —  —  <.l    1.6  ,9   3.5    3.5   2.9  1.2 

VIOR  --  —  —  —  —  —  —  —  —  —  —  —  _      .1    .1 

Misc.  —  —  —  —       ,2  —  ,2  ,4  ,6    1.0  .2    .5     .3  ~      .2 
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Figure  6-5.  — Tree  and  shrub  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-07 

Site  location  and  description:  SWijNWJi  sec.  8,  T.  60  N.,  R.  2  W. ,  BM;  Elevation:  4,300  ft;  Exposure:  Southeast 
(Az.  130°) ;  Slope:  15% 

Forest  cover  type  and  tree  size  class:  Western  redcedar  mature  sawtimber,  70  through  100%  canopy  coverage 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  0.4/0.01  ha;  Average  d.b.h.:  56.0  cm;  Basal  area:  985  cm^/0.01  ha 
Shrub  component:  Species  present:  RULE,  RUPA,  SARA,  VAME 

Disturbance  treatment: 

Clearcut:  Mature  Thuja  plicata  forest  logged  prior  to  fire; 
Wildfire:  September  1,  1967  (1800  hrs) ;  Succession  year  1:1968; 
Fire  intensity:  11,300  Btu/sec/ft;  Rate  of  spread:  2.5  mi/h; 
Fire  severity:  R-N  index:  3-M;  Litter-duff:  Consumed 

Cable  7-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  7-1 
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39 
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41 

7 
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veg. 

33 

82 

47 

51 

55 

62 

70 

77 

80 

86 

88 

89 

HI 

144     1 

3 

able  7-2. — Successional  development  of  vegetative  volume  (m  /O.Ol  ha),  fig.  7-2 
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Figure  7-1.  — Vegetative  cover. 
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Figure  7-2.  — Vegetative  volume. 
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Table  7-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  7-3 


Succession  year 


Species     1     2     3     A     5      6      7      8      9     10     11     12     13     U     15 


Tree 

LAOC  —  ~  —  —  —  —  —  —  —  —  —  —  —  —  1 

PIEN  __  —  —  —  —  —  —  <1  1  1  A  5  3  3  A 

plQQ  —  —  —  —  —  —  —  —  —  —  —  1  1  1 

PIMO  —  —  ~  --  —  —  —  —  —  —  ~  ~  ~  —  <1 

POTRE  —  —  —  —  —  —  —  —  —  —  —  —  —  <1  <1 

PSME  ~  ~  —  —  —  —  —  —  —  —  —  1  1  2  A 

Shrub 


a 


Table  7-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  Z) ,    fig.  7-A 

Succession  year 


i    Species      1      2      3      A      5      6      7      8     9    10    1 1     12     13    1 A    15 

01 

~    AGAL         —      —      —      —      —      —      ~      —     —     ______       111 

ANMA        --     —     --     —      1      2      8     13    13    16    13     5      A     8    7 


T' 


h;   CARD        —     ____     _     ____       1     __      1     __      1      1       112 

CIAR        —     —     —     —     --     —       1 


01 


CLUN  —  —  —  ____________  1      1      1  2  12 

DIHO  ________  1  1  2       12  111  —  12 

EPAN  30  72  37  32     32     2A     26     19    15  13    16    18  lA  lA    11 

ERAC  —  —  —  --     _-     -_     —     __    __  __    -_      I 

FEAR  —  —  —  —     —     —     —     —    —  —      12  2  2     2 

HIAL  —  —  --  ____________  1      2     6  6  5     2 

PHPR  —  —  —  —     —     —      1      —    —  —      1      1 

PTAQ  1  __  1  3     __      4     __      2      2  3      2      1  11  6    18 

SMST  —  —  __  —     -_     —     __     ________!  Ill 

SOCA  --  —  --  __     -_     __     __     __    __  __    __    __  __  11 

VIOR  —  -_  -_  __     __     __     __     __    __  __    __    __  __  __     1 

Misc.  1  1  2  2     —      2       1       1      2  ^L      1     _-  1 
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Figure  7-3.  — Tree  and  shrub  cover. 
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Table  7-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  7-5 


Succession  year 


Species     12     3     4     5      6      7      8      9     10     II     12     13     14     15 


Tree 

LAOC  ~  ~  —  --  —  —  ~  —  ~  —  —  ~  —  —      2.4 

PIEN  --  —  —  —  --  —  ~      0.1    0.4    1.3    4.2  7.1  6.2  5.8    9.6 

PICO  —  —  —  —  —  ~  —  —  —  —  —  —  1.4  3.0    3.3 

PIMO  —  —  --  ~  --  --  —  —  —  —  --  ~  —  ~       .1 

POTRE  --  —  --  —  —  —  —  —  —  —  —  —  —  .8     1.8 

PSME  ~  —  —  —  —  —  ~  —  —  —  ~  1.8  1.7  6.4   13.7 

Shrub 


'^' 


PAMY 

~ 

— 

— 

-- 

0.4 

0.  1 

0.3 

.3 

.9 

2.6 

5.9 

9.3 

15.0 

23.1 

23.7 

RULE 

— 

~ 

— 

0.1 

.2 

.6 

— 

~ 

.4 

.2 

~ 

.2 

— 

— 

~ 

RUPA 

0.2 

2.  1 

0.8 

.6 

.9 

1.3 

2.3 

2.5 

2.3 

2.0 

1.8 

1.2 

2.2 

3.6 

3.5 

SASC 

-- 

2.  1 

4.2 

7.4 

13.5 

21.9 

19.7 

39.1 

41.9 

39.7 

26.9 

23.3 

33.3 

73.2 

74.9 

SARA 

— 

.2 

.3 

~ 

— 

— 

.6 

1.0 

.7 

— 

.3 

.3 

.3 

.1 

.3 

Table  7-6. — Volume  development  of  herb  component  (m^/0.01  ha),  fig.  7-6 

Succession  year 


Species      1      2      3      4      5      6  7      8     9     10    1 1    12  13    14  15 

AGAL  ~  —  —  —  —  —  —  —  —    —    —    —  0.4   0.6  0.4 

ANMA  —  —  —  —      0.2  0.8  3.0    4.7  4.6   5.3   4.9    1.1  1.3   3.7  3.0 

CARD  —  --  —  —  —  —  .2  —       .1   —       .1     .1  .1     .1  .2 

CIAR  —  —  —  —  —  —  .1 

CLUN  —  —  —  —  —  —  —  —  —       .1     .2    <.l  .1    <.l  .1 

DIHO  —  --  --  —       .4     .3  .7     .4    .7    .3    .4    .4  —  .3  .6 

EPAN  10.7  59.4  22.9  17.2  15.7  13.3  14.9    9.4  7.4   8.1   8.3   12.8  8.1    7.5  6.6 

ERAC  —  --  —  —  —  —  —  —  —    —    —      .4 

FEAR  —  —  —  —  —  —  —  —  —    —      .5    .6  .5    1.0  .6 

HIAL  ~  --  --  —  --  —  —  —  —      .2    .8   3.8  3.9   3.0  .2 

PHPR  —  —  —  —  —  —  .8  —  —    —       .8     .6 

PTAQ         .2  —       .4     .8  —  1.0  —       .4    .7     .8    .6    .3  4.5   2.4  7.8 

SMST  ~  —  —  —  —  —  —  .2  .2    .2  .2 

SOCA  —  —  —  —  —  .3  .4 

VIOR  —  —  —  -_  __  __  __  __  __    __    __    __  __    __  <.i 

^^isc.        .1     .5     .2     .5  —       .5  .1     .3    .3     .9    .2  —  .2  — 
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Figure  7-5.  — Tree  and  shrub  volume. 
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Figure  7-6.— Herb  volume. 


5UNDANCE  BURN:   1802-16  Study  Area  SD-08 

Site  location  and  description:  NW^sNW^s  sec.  8,  T.  60  N. ,  R.  2  W. ,  BM;  Elevation:  4,150  ft;  Exposure:  Northwest 
(Az.  320°);  Slope:  50% 

i^orest  cover  type  and  tree  size  class:  Western  hemlock  mature  sawtimber,  40  to  70%  canopy  coverage 

Reconstructed  preflre  forest  stand: 

Tree  component:  No  preflre  trees  apparent 

Shrub  component:  RULE  75%,  SARA  25%  (Shrub  density:  1.6/0.01  ha); 
I  Other  species  present:  RUPA,  VAME 

)lsturbance  treatment: 

Clearcut :  Sawtimber  logged  prior  to  fire; 

Wildfire:  September  1,  1967  (1800  hrs) ;  Succession  year  1:1968; 
Fire  intensity:  11,300  Btu/sec/ft;  Rate  of  spread:  2.5  ml/h; 
Fire  severity:  R-N  index:  3-M;  Litter-duff:  Consumed 
1 

table  8-1. — Successlonal  development  of  vegetative  cover  (m*/0.01  ha  or  %) ,  fig.  8-1 


I 


I   \ 


Afe   form 
lomponent 


Succession   year 


10 


11 


12 


13 


14 


Ip  ;hrub 

■lit 

1 

16 

15 

19 

25 

31 

44 

64 

■  lerb 

44 

48 

37 

32 

30 

14 

22 

21 

'otal  veg. 

45 

64 

51 

50 

55 

45 

66 

85 

— 

1 

1 

3 

4 

50 

52 

50 

55 

76 

29 

29 

34 

29 

46 

79 

82 

86 

87 

126 

131 


Table  8-2. — Successlonal  development  of  vegetative  volume  (m^/0.01  ha),  fig.  8-2 


.ife  form 
:omponent 


Succession  year 


10 


11 


12 


13 


14 


.ree 


,     Shrub 

;;■'  'erb 

■if    'otal  veg. 


0.2  9.3  7.9  9.0        14.3        19.2        26.9        60.2 

12.6        35.2        20.1        18.8        17.2  7.5  9.1        11.4 

12.8        44.5        28.0        27.8        31.4        26.7        36.1        71.7 


0.2  0.4  1.3  6.7  1!! 

46.9        39.6  43.1  50.4  80.1  8; 

14.1        12.0  16.5  12,5  21.1  1/ 

61.0        51.8  60.0  64.2  107.9  12( 
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Figure  8-1.  — Vegetative  cover. 
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Table  8-3.  —  Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  8-3 


Succession  year 


Species     1 


10     II     12     13     14     15 


Tree 

PIEN  —  —  —  —  —  —  —  —  —  —  1  1  2  1 

POTRE  —  ~  —  —  —  —  —  —  —  —  —  —  —  <1 

PSME  —  ~  —  —  —  —  —  —  —  —  —  <1  1  3 

Shrub 


ALSI 

— 

~ 

— 

-- 

— 

— 

— 

— 

— 

— 

— 

— 

1 

1 

2 

PAMY 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

1 

2 

2 

RUID 

~ 

— 

— 

~ 

— 

— 

— 

1 

— 

— 

— 

— 

— 

— 

— 

RULE 

— 

4 

1 

1 

1 

2 

1 

1 

~ 

<1 

1 

1 

1 

1 

— 

RUPA 

1 

2 

2 

2 

3 

6 

8 

14 

— 

14 

16 

12 

13 

22 

27 

SASC 

~ 

7 

11 

15 

21 

22 

33 

48 

— 

36 

36 

37 

40 

51 

52 

SARA 

— 

2 

1 

1 

— 

— 

L 

1 

— 

— 

— 

— 

— 

— 

— 

Table  8-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  8-4 

Succession  year 

Species  1      2      3  4      5      6      7      8     9    10  1 1  12  13    14    15 

AGAL  --     —     —  —     —     __--—    —    —  1  1  111 

ANMA  —     —     —  —     —     —      1      3    —     7  12  10  7     8     5 

CAMI  —     —     —  —     —     —     ~     —    ~    —  —  1  —     8     9 

CLUN  ____________  1      1—222  243 

DIHO  —      —     —  —     —     —     —     —    —    —  --  1 

EPAN  42     47     33  28     27     12     19     12    --    16  11  12  13    16     9 

HIAL  --     —     —  —     —     __________  2  3  5     6     8 

PTAQ  —     —     —  ~     —     —     --     ______  1  1  __     1      2 

SOCA  —     —     --  —     —     —     --     —    —    —  —  —  __      1      1 

TITRU  —     —     —  —     —     —     --     —    —    —  —  1  —    —      1 

VIGL  —     --     —  —     —     —     —     —    —    —  —  —  —    —      1 

VIOR  ~     _-     -_  __     -_     _-     __     __    __    __  __  2  —     2     2 

Misc.  2      2      3  3      2      2      2      4—521  1—1 
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Figure  8-3.  — Tree  and  shrub  cover. 
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Table  8-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  8-5 


Species 


Tree 

PIEN 

POTRE 

PSME 


Succession  year 


10     11     12     13     14     15 


0.2    0.2    0.7    0.2    0.5 
.3 

.2     .6    6.2    18.7 


Shrub 

ALSI 

PAMY 

RUID 

RULE 

RUPA 

SASC 

SARA 


1.9  0.4  0.3  0.3  0.8  0.6 

0.2    .6  .7  .4  .9  1.2  2.1 

4.4  5.3  6.4  13.0  17.2  22.3 

2.4  1.5  2.0  —  —  2.0 


0.9 

.5 

6.3 

50.6 

2.0 


.2 


1.4 
.2 


3.7 
.6 


5.7 
1.0 


0.1     .4     .4     .4     .4 
5.9    6.3    4.9    5.0    9.1    13.8 
40.9   32.9   37.5   43.4   66.3   65.5 


Table  8-6. — Volume  development  of  herb  component  (m'^/0.01  ha),  fig.  8-6 


Species 


Succession  year 


9    10    11    12 


13    14 


15 


AGAL 

ANMA 

CAMI 

CLUN 

DIHO 

EPAN 

RIAL 

PTAQ 

SOCA 

TITRU 

VIGL 

VIOR 

Misc. 


0.6 


2.5 


1   — 


12.2   34.8   19.5    18.1    16.6    7.0    8.4    7.7 


0.6   0.6 

2.1    5.1    4.3 


1     .1 


.2 


11.2  5.7  9.5 
.1  .9 
.2    .2 


.6 


.6 


1.2  — 


.7    .3 


.  1 

.1 

.2 


0.7 
2.7 


0.7  0.6 

3.3  2.2 

5.0  3.3 

.2    .4  .2 


7.8   10.2 

1.0   1.2 

.2 

.1 


6.2 

1.3 

.6 

.2 

.1 
.1 
.1 
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Figure  8-5.— Tree  and  shrub  volume. 


35      ^ 


30 


25 

< 

X 

_    20 


O 


10        . 


0 

0       1       2       3       4       5       6       7       8       9       10     11      12     13     14     15 

SUCCESSION   YEAR 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-09 

Site  location  and  description:  NW^iNW^i  sec.  8,  T.  60  N.,  R.  2  W.,  BM;  Elevation:  4,100  ft;  Exposure:  North  (Az , 
Slope:  45% 

Forest  cover  type  and  tree  size  class:  Western  hemlock  mature  sawtimber,  40  to  70%  canopy  coverage 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  3.2/0.01  ha;  Average  d.b.h.:  34.5  cm;  Basal  area:  3,335  cm^/0.01  ha 
Shrub  component:  Species  present:  LOUT,  OPHO,  RULE,  RUPA,  VAME 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1800  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  11,300  Btu/sec/ft;  Rate  of  spread:  2.5  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 

Table  9-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  9-1 


Succession  year 


Life  form 
component 


10 


11 


12 


13 


14 


Tree 
Shrub 
Herb 
Total  veg. 


3  6  17  21  22 
45  62  45  42  40 
48     68     62     63     62 


25 

41 

57 

27 

27 

36 

52 

68 

92 

5 

5 

5 

7 

11 

37 

46 

44 

49 

94 

52 

49 

56 

52 

62 

94 

100 

106 

108 

167 

Table  9-2. — Successional  development  of  vegetative  volume  (m'^/O.Ol  ha),  fig.  9-2 


Succession  year 


Life  form 
component 


10 


11 


12 


13 


14 


Tree 
Shrub 
Herb 
Total  veg. 


0.3  2.3  6.4  7.8  11.8  15.7  21.0  40.3 
9.5  24.4  23.6  19.2  19.1  9.4  7.0  13.1 
9.8   26.7   30.0   27.0   30.9   25.1    28.0   53.4 


9.5  9.6  11.8  10.8  29.6 

27.1  33.6  28.8  36.5  109.0   l. 

23.0  19.8  25.7  22.4  28.1 

59.6  63.0  66.3  69.7  166.7   2 
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-igure  9-1.  — Vegetative  cover. 
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Table  9-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  9-3 


Succession  year 


Species     12     3     4     5      6      7      8      9     10     11     12     13     14     15 

Tree 

POIRE      —    ~    —    —    ~     —     —     —     —     --     --     --     —     —     <1 

PSME       —    —    —    —    —     —     —     —     —      5      5      5      7     11     14 

Shrub 

ALSI 

LOUT       —    ~    —    —    —     —     ~-       1 

PAMY 

RULE       ~    ~    —    ~    ~     —     —      5 

RUPA       —    —      1      1     2      2      5      7     — 

SASC        2     6    16    20    19     23     36     44 


4 

7 

6 

15 

46 

48 

1 

1 

— 

— 

2 

2 

1 

— 

2 

2 

2 

4 

1 

1 

<1 

~ 

— 

~ 

7 

7 

8 

7 

11 

9 

24 

31 

28 

24 

31 

20 

SAFA        2    —     1 
VAME 


Table  9-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  9-4 


Succession  year 


Species  1  2  3  4  5  6  7  8  9  10  1 1  12  13    14    15 

ADBI  ~  —  —  —  —  —  —  --  —  —  —  —  12 

ANMA  —______—  1  5  6  —  11  9  8  5  4  3 

CAMI  —  —  —  —  —  —  —  ——  2  3  8  697 

CLUN  —  --  --  —  —  —  ~  ~  —  —  —  —  12     2 

DAGL  —  --  —  --  —  —  1  —  —  1  —  —  111  ; 

EPAN  34  48  38  33  29  10  5  11  —  11  9  8  8    10     9 

FEAR  ~  --  —  —  —  —  —  —  —  —  1 

RIAL  —  —  —  —  —  —  —  —  —  —  —  1  3     2     3 

PTAQ  6  9  2  5  9  12  12  15  —  19  23  28  27    31    42 

TITRU  --  ~  --  —  —  —  --  —  —  —  —  —  —    —      1 

TRRE  —  —  —  —  —  —  1  —  —  11 

VIGL  —  --  —  —  —  —  --  —  —  —  —  —  1 

VIOR  —  —  —  —  —  —  —  —  —  —  —  —  —     12 

Misc.  5  5  4  4  2  3  3  A—  722—    ~~ 
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■Igure  9-3.  — Tree  and  shrub  cover. 
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Table  9-5. 

— Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig-  9-5 

Succession  year 

1 

Species 

12     3     4     5      6      7      8      9     10     11 

12 

13 

14 

15 

Tree 

POTRE 

PSME 

Shrub 

1 

9.5    9.6 

11.8 

10.8 

29.6 

ALSI 
LOUT 
PAMY 
RULE 
RUPA 
SASC 
SARA 
VAME 


0.3 


4.5 


0.2   0.2   0.8    0.7    1.3    1.9 
0.2   2.3   6.0   7.6   11.1    15.1    19.8   33.5 
.1   __      .2  — 


7.2  11.2  5.9  16.5  71.6  lOH 

.5     .7  —  ~  1.2  1. 

.4  —  .9     .9  1.2  2.1) 

.7     .4  .1  ~ 

2.2    2.5  3.4    2.7  4.6  4. 

16.1  18.7  18.4  16.2  29.0  21. 


.2    1.6    2. 


Table  9-6. — Volume  development  of  herb  component  (m^/0.01  ha),  fig.  9-6 


Succession  year 


Species       1 


9    10    11     12     13    14    15 


ADBI 

AN  MA 

CAMI 

CLUN 

DAGL 

EPAN 

FEAR 

HIAL 

PTAQ 

TITRU 

TRRE 

VIGL 

VIOR 

Misc. 


0.2     1.9     2.0 


<0.1  0.3  — 

4.9   3.8   3.4  1.5  1.3  1.2 

1.6    1.8   4.2  2.4  5.7  2.1 

—    —    —    —  <1  .1  .3 

.2   —    —      .2  —    —  .3  .4  .7 

7.6   20.9   21.6   16.6    16.1    4.9    1.5    5.4  —     7.1   4.9   6.3  5.4  5.9  5.6|I 

.3  __ 

<.l  .2  .1  .6 

1.2    2.6     .6    1.4    2.6    3.1    3.1    4.7  —     7.9   8.4   11.6  12.4  14.3  21.8 

.        ..        -_        _.        ..        ..        ..       ..       ..       ..       ..  ..  .  .:t 


1 


.7 


.9    1.4    1.1     .4    1.3 


.9  — 


.4    .2 


.9    .4    .2 


.1 


<.l    .1 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-10 

Sine  location  and  description:  SW^sSWij.  sec.  8,  T.  60  N.,  R.  2  W.  ,  BM;  Elevation:  4,050  ft;  Exposure:  South  (Az. 
Slope:  30% 

Forest  cover  type  and  tree  size  class:  Western  larch  immature  poletimber,  40  to  70%  canopy  coverage 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density  22.8/0.01  ha;  Average  d.b.h.:  14.8  cm;  Basal  area:  4,993  cm^/0.01  ha 
Shrub  component:  Species  present:  PAMY,  RULE,  SASC,  VAME 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1700-1800  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  3,150  to  11,300  Btu/sec/ft;  Rate  of  spread:  1  to  2.5  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 

Table  10-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  lO-I 


Life  form 
component 


Succession  year 


10 


11 


12 


13 


14 


Tree 
Shrub 
Herb 
Total  veg. 


3     10 
16     41 

19     51 


15     21 
39     43 

54     64 


27 
32 
60 


33 
20 
53 


1 
40 
28 
69 


43 
22 
65 


1 
42 
22 
66 


4 
38 
19 

61 


3 

40 
18 
61 


2 
37 
21 
60 


7 
57 
20 

84 


9 
67 
23 
99 


Table  10-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  10-2 


Life  form 
component 


Succession  year 


10 


11 


12 


13 


14 


Tree 
Shrub 
Herb 
Total  veg. 


0.3  5.6  9.9  15.8  23.8  32.6 
4.3  21.8  20.9  28.2  16.2  7.9 
4.6   27.5   30.8   43.9   39.9   40.4 


0.3 

— 

1.1 

5.7 

5.8 

4.3 

15.8 

23.4 

28.8 

40.4 

38.7 

35.4 

34.0 

30.6 

48.3 

73.6 

10.7 

9.4 

8.5 

7.0 

5.7 

8.9 

9.4 

10.5 

39.7 

49.9 

48.4 

48.1 

45.5 

43.8 

73.5 

107.5 
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Figure  10-2.  — Vegetative  volume. 


SD  -  10 
Table  10-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  10-3 


Succession  year 


Species     1 


10     11     12     13     14     15 


Tree 

POTRE  ~  —  —  —  —  —  ~  ~  —  —  ~  ~  —  ~  <1 

PSME  ____  —  —  ——  1  —  1  4  3  2  7  9  15 

Shrub 

ALSI  ~  —  —  --  ~  —  --  ~  ~  —  ~  ~  I  —  4 

AMAL  —  —  —  ~  --  —  —  —  —  —  —  1  2  3 

PAMY  __  —  —  —  1  1  4  6  5  8  10  11  17  12  8 

RULE  __  —  __  —  —  —  —  1  <i  __  1  <1  1  1  1 

SASC  3  9  15  21  26  32  35  37  37  30  30  25  36  50  45 


SARA       —      1 
VAME 


Table  10-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  10-4 


Succession  year 


Species  1  2      3      4      5      6  7  8  9    10  1 1  12  13    14    15 

AGAL  --  —     --     —     --     —  1  —  ______  1  12  1 

ANMA  __________  2  7  8  10     2  2  2  2     2     2 

APAN  —  —     —     ~     --     —  —  —  —    —  __  __  3      1 

CADE  —  —     ~     --     --     --  1 

CARD  135452222222222 

CLUN  —  —     —     —     —     —  —  —  —    —  -_  _-  —    —      1 

EPAN  15  36     33     38     27     13  8  8  9    11  10  12  7    10     8 

ERAC  —  —     —     —     —     --  —  _-  _-    __  _-  __  1 

FEAR  —  —     —     —     —     —  3  —  —    —  —  —  —    —     2 

GNMI  —  —     —     —     —     —  1 

HIAL  ~  —     —     ____________  1  2  2  2  2  2 

ILRI  —  —     —     —     —     __  1 

PTAQ  —  __________  1  __  1     __  1  2  112 

SOCA  —  —     —     __     —     —  __     __    __     I 

VIOR  —  —     —     —     —     __     __  __    __  __    112 

Misc.  —  2      1      1     —      2  2  4  13  11  —  2     2 
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Figure  10-3.  — Tree  and  shrub  cover. 
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Figure  10-4.—l-lerb  cover. 
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SD  -  10 

Table  10-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  10-5 

Succession  year 


Species     12     3     4     5      6      7      8      9     10     1 1     12     13     14     15 1 


Tree 

POTRE  --  —  ~  ~  —  ~  --     —     —     —     —     --     ~     ~      0.. 

PSME  ~  ~  —  —  —  —  0.3   ~      1.1    5.7    5.8    4.3   15.8   23.4   44. ij 

Shrub 

ALSI  —  ~  ~  —  —  —  —     —     ~     —     —     —      1.1    —      8. 

AMAL  —  —  —  —  --  —  —     —     —     —     —       .3      .9     2.5   — 

PAMY  —  —  —  —     0.2    0.3  1.1    2.8    2.3    4.4    5.8    7.1    10.7    8.6    5. 

RULE  ___-_-  —  —  —  —  .7  .1    —       .2      ,2      .8      .5 

SASC  0.3   5.1  9.9  15.8  23.6  32.3  27.6   37.0   36.3   31.1   28.1   23.0   34.9   61.9   57. 

SARA  —      .6  — 

VAME  —  ~  —  —  —  —  .1    ~     --     --     —     —     —       .  1      . 


Table  10-6. — Volume  development  of  herb  component  (m^/0.01  ha),  fig.  10-6 


Succession  year 


Species      1      2      3      4  5      6  7  8  9    10    1 1    12  13    14    15 

AGAL  ~  —  —  —  —  —  0.5   ~  —    —    ~     0.6    0.7    1.6   0.; 

ANMA  —  —  --  --  —  0.5  2.3    3.1  3.2   0.8   0.4    .6     .9    .7    1. 

APAN  —  —  —  —  --  --  —     —  —    —    —    —      1.2    .3  ~ 

CADE  —  —  —  —  —  —  .4 

CARO  <0.1    0.5    0.8    0.7  0.7      .3  .5  .1  .2     .2     .2     .2  .1     .1 

CLUN  —  --  —  --  —  —  —     —  —    —    —    —     —    —     <. 

EPAN        4.2  20.9  19.9  27.3  15.5  6.8  4.2     5.2  4.8    5.5   4.7    7.0    4.9    6.3   5. 

ERAC  —  --  —  —  —  —  —     —  —    —    —    __       .A   __ 

FEAR  —  —  —  —  —  —  1.0 

GNMI  —  —  —  —  —  —  .4 

HIAL  —  —  —  —  —  —  —     —  —     <.l     .2     .2      .9     .6 

ILRI  —  —  —  --  —  —  .6 

PTAQ  —  —  —  —  —  —  .3   —  .2   ~      .2     .3      .2     .2 

SOCA  —  --  —  —  —  —  --     —  —    —    —    —     —      .1   — 

VIOR  —  --  —  —  —  —  —     —  —    —    —    —      <.l    <.l 

Misc.  —       .4     .2     .2—       .3  .5     1.0  .2     .4     .2     .1—  .5 
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Figure  10-5.  — Tree  and  shrub  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-14 


Site  location  and  description:  NW^NEJ^;  sec.  9,  T.  60  N.  ,  R.  2 

W.,  BM;  Elevation:  3,400  ft 

;  Exposure:  West 

(Az. 

270 

Slope:  40% 

Forest  cover  type  and  tree  size  class:  Douglas-fir  immature  p 

oletimber,  70  through 
•b.h. :  15.9  cm;  Basal 

100% 
area: 

crown  coverage 
4,616  cm^/0.01 

ha 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  19.6/0.01  ha;  Average  d 
Shrub  component:  Species  present:  AMAL,  PAMY,  ROGY,  SASC 

4 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1930  hrs) ;  Succession  year 
Fire  intensity:  3,400  to  22,500  Btu/cec/ft;  Rate  of  spre 
Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage: 

1:1968; 

ad:  1  to  6  ral/h; 

Consumed;  Litter-duff 

:  Consumed 

I 

S 
S 

Table  11-1. — Successional  development  of  vegetative  cover  (m^ 

/O.Ol  ha  or  %) ,  fig. 

11-1 

I 

0 

Succession  year 

«1 

Lire  form 

component      12      3      4      5      6      7 

8      9     10 

11 

12     13 

14 

Tree 

— 

2      1 

2 

Shrub        —      5     15     34     98     76    188 

211    130    136 

139 

118    131 

161 

11 

Herb          28     42     43     37     44     30     38 

34     39     44 

48 

40     48 

56 

Total  veg.    28     47     58     70    142    106    226 

245    169    180 

187 

160    180 

219 

1 

Table  11-2. — Successional  development  of  vegetative  volume  (m'^/0.01  ha),  fig.  11-2 

Succession  year 

component      12      3      4      5      6      7 

8      9     10 

11 

12     13 

14 

1 

Tree 
Shrub 
Herb 
Total  veg. 


'i- 


7.1 
7.1 


4.2  2.7  5.4  ijj 

3.0          8.7        24.8      114.0      123.1      255.0     378.9      256.7      272.4      288.9      232.2  275.3  384.1  3!.l 

16.4  18.0        13.2        18.0        12.7        15.1        15.7        22.0        23.3        28.9        24.7  33.8  44.5  .1 

19.5  26.6        38.0      132.0      135.8      270.1      394.6      278.8      295.7      317.8      261.1  311.8  433.9  3i.l 
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Figure  11-1.  — Vegetative  cover. 
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Figure  11-2.  — Vegetative  volume. 
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SD  -  14 

Table  11-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  11-3 


Succession  year 


Species  12  3  4  5  6  7  8  9  10  1 1  12     13     14     15 

Tree 

POTRE  —  —  —  —  ~  ~  —  —  —  —  —     <1     ~     ~     <1 

PSME  —  —  ~  —  ~  ~  —  —  —  —  —      2      1      2      3 

Shrub 

CESA  —  2  9  25  78  60  163  183  103  96  94 

PAMY  —  —  ~  —  —  —  —  —  1  1  3 

ROGY  —  —  1  1  <1  1  2  6  7  8  13 

RUPA  —  —  —  ~  —  __  —  2  —  1  1 

SASC  —  3  6  8  19  15  24  21  19  30  29 


76 

79 

96 

56 

2 

10 

6 

7 

5 

6 

9 

3 

<1 

1 

3 

~ 

35 

36 

47 

52 

Table  11-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  11-4 


Succession 

year 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ANMA 

_- 

— 

— 

— 

— 

I 

2 

2 

1 

— 

1 

— 

1 

1 

1 

CARO 

2 

3 

4 

4 

2 

3 

2 

1 

2 

3 

3 

3 

2 

1 

— 

CLUN 

— 

— 

— 

— 

— 

— 

— 

~ 

~ 

~ 

1 

1 

1 

2 

2 

EPAN 

24 

30 

32 

24 

20 

13 

14 

14 

16 

8 

9 

8 

10 

13 

10 

FEAR 

— 

— 

— 

~ 

— 

— 

1 

— 

1 

2 

2 

2 

2 

2 

2 

HIAL 

~ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

~ 

1 

1 

~ 

ILRI 

— 

~ 

— 

— 

— 

~ 

— 

— 

— 

1 

— 

~ 

3 

1 

1 

PTAQ 

1 

7 

5 

7 

18 

9 

18 

16 

18 

28 

31 

25 

28 

35 

42 

Misc. 

2 

2 

2 

2 

3 

3 

~ 

2 

1 

2 

— 

— 

— 

— 

~ 
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Figure  11-3.  — Tree  and  shrub  cover. 
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Figure  11-4.— Herb  cover. 
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SD  -  14 

Table  11-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  11-5 


Succession  year 


Species     12     3     4     5      6      7      8      9     10     1 1     12     13     U     15 


Tree 

POTRE  —  ~  —  —  —  —  —  —  —  —  —  0.6  —  —  0.4  1  ^ 

PSME  —  —  —  —  —  —  —  --  —  —  —  3.7  2.7  5.4  8.2   ^ 

Shrub 

CESA  —     1.5  5.5  20.0  93.5  105.3  222.9  342.9  214.1  209.1  212.3  146.8  174.6  239.2  149.5   \ 

PAMY  —  —  —  —  —  —  —  —  .3  .1  1.0  .6  5.4  3.0  3.5'  ^ 

ROGY  —  —  .2  .1    .3     .5     .8  4.6  6.9  7.6  10.5  4.9  5.5  6.4  2.1 

RUPA  —  —  —  —  —  —  —  1.0  —  .7  .5  .2  .4  2.6 

SASC  ~     1.6  2.9  4.7  20.2  17.2  31.3  30.3  35.5  54.9  64.5  79.7  89.4  132.8  153.0 


Table  11-6. — Volume  development  of  herb  component  (m  /O.Ol  ha),  fig.  11-6 

Succession  year 

Species      1      2      3      4      5      6      7  8     9  10    1 1  12  13  14    15 

ANMA       ~     --     --     —     —      0.4    0.9  0.7   0.3  —     0.3  —  0.6  0.5   0.5 

CARD        0.2    0.5    0.8    0.6    0.2     .5     .3  .1     .3  0.3    .3  0.4  .3  .1   ~ 

CLUN       ~     --     —     —     —     —     —  —    —  ~     <.l  .1  <.l  .1     .1 

EPAN        7.2    13.5   14.9    10.0   10.1    7.1    7.4  8.4   11.3  5.9   7.6  7.8  7.9  12.0   9.8 

FEAR       —     —     ~     —     —     —       .1  —      .2  .5    1.2  .7  1.2  1.8     .6 

HIAL       ~     --     --     —     —     —     —  --    —  —    —  —  <.l  .8   — 

ILRI       --     --     --     —     —     --     —  —    —  .7   —  ~  5.2  .9    1.5 

PTAQ         .2    2.0    1.6    2.2    7.1    3.6    6.4  6.3   9.3  15.4   19.5  15.7  18.6  28.3  39.3 

Misc.        .2     .4     .7     .4     .6    1.1   —  .3    .5  .4  — 
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Figure  11-5.  — Tree  and  shrub  volume. 
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Figure  11-6.— Herb  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-15 

Site  location  and  description:  NE^iNEis  sec.  9,  T.  60  N. ,  R.  2  W. ,  BM;  Elevation:  3,450  ft;  Exposure:  Southwest 
(Az.  225°);  Slope:  30% 

Forest  cover  type  and  tree  size  class:  Douglas-fir  immature  poletimber,  70  through  100%  crown  coverage 

Reconstructed  preflre  forest  stand: 

Tree  component:  Conifer  density:  7.2/0.01  ha;  Average  d.b.h.:  12.6  cm;  Basal  area:  1,132  cm^/0.01  ha 
Shrub  component:  ACGL  5%,  ARAL  34%,  ROGY  4%,  SASC  41%,  SYAL  16%  (Shrub  density:  17.6/0.01  ha); 
Other  species  present:  CESA,  HODI ,  LOUT,  PAMY ,  PREM,  SOSC,  SPBE 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1930  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  3,400  to  22,500  Btu/sec/ft;  Rate  of  spread:  1  to  6  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 

Table  12-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  12-1 


Table  12-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  12-2 


Life  form 

Succession 

year 

component 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 

Tree 

— 

— 

— 

— 

— 

— 

— 

— 

<1 

1 

2 

2 

2 

2 

Shrub 

12 

28 

38 

57 

88 

92 

122 

114 

108 

90 

103 

74 

115 

129 

15 

Herb 

32 

36 

35 

38 

36 

20 

26 

28 

36 

32 

28 

28 

18 

28 

2 

Total  veg. 

43 

63 

73 

96 

124 

112 

147 

142 

144 

123 

133 

103 

135 

159 

18 

Life  form 
:omponent 


Succession  year 


1 


3 


10 


11 


12 


13 


14 


1 


Tree  ~  —  —  —  —  —  —  —  0.1  0.4  1.5  1.8  1.8  3.1 

5hrub  8.4  23.3  32.5  50.3  102.5  105.4  134.0  145.1  132.6  113.7  126.1  87.3  146.6  185.2        23 

-lerb  5.1  10.6  10.3  10.8          8.5          4.8          7.0          5.9  11.3  8.3  6.5  6.6  5.3  7.5 

Total  veg.  13.5  33.9  42.8  61.1  110.9  110.1  141.0  151.0  144.0  122.4  134.0  95.7  153.6  195.8        24 
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Figure  12-1.  — Vegetative  cover. 
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Table  12-3 

~C 

over  d 

evelopme 

nt  of 

tree 

and  shrub 

corap 

onents 

(m^/O.Ol 

ha  or 

%) 

,  f 

ig- 

12-3 

Successic 

3n 

year 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Tree 

PSME 

— 

— 

— 

— 

— 

— 

— 

— 

<1 

1 

2 

2 

2 

2 

1 

Shrub 

ACGL 

1 

2 

2 

2 

4 

5 

2 

2 

2 

2 

2 

1 

1 

4 

5 

AMAL 

5 

11 

17 

17 

41 

36 

39 

38 

37 

19 

32 

11 

29 

30 

34 

CESA 

— 

4 

5 

11 

17 

21 

36 

33 

29 

30 

31 

21 

28 

34 

49 

CEVE 

— 

— 

~ 

-- 

— 

— 

<1 

3 

2 

3 

3 

1 

2 

3 

10 

PAMY 

-- 

-- 

1 

2 

2 

2 

4 

4 

6 

6 

8 

14 

12 

17 

19   1 

ROGY 

— 

— 

2 

3 

1 

1 

2 

2 

1 

2 

2 

1 

2 

2 

1   i 

SASC 

3 

5 

4 

12 

12 

15 

21 

16 

18 

16 

14 

13 

24 

25 

22 

SPBE 

2 

6 

7 

10 

11 

11 

11 

12 

13 

13 

11 

14 

17 

13 

13 

SYAL 

<1 

<1 

2 

2 

1 

1 

1 

1 

<1 

Table    12-4. — Cover   development    of   herb   component    (m   /G.Ol    ha   or   %) ,    fig.    12-4 

Succession  year 


Species  1               2  3  4  5               6  7  8            9           10          1 1          12  13          14          15 

CARU  —              2  2  5  6               4  7  5            9            91211  71213 

CAGE  —               1  _-  —  ____  __  12             2            4            3  3             5            4 

CARO  273594888253323 

EPAN  12             18  22  16  10               3  2  2            4             2             11  111 

EPPA  ~             —  —  --  --             --  —  —          —          —          —          —  1 

GEBI  11 

ILRI  —               1  1  1  1                1  2  1             2             2              1              1  1              1              1 

LUAR  ____  2  5  5               5  4  68858  222 

Misc.  8              8  4  7  5               2  3  6461—  —            5          — 
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Figure  12-3.  — Tree  and  shrub  cover. 
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Figure  12-4.— Herb  cover. 
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Table  12-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  12-5 


Succession  year 


Species     I 


10     11     12     13     14     15 


Tree 

PSME      —    --    —    —    --     —     —     ~      0.1    0.4    1.5    1.8    1.8    3.1    1.3 

Shrub 


ACGL 

0 

7 

1 

4 

2.2 

2.0 

4.6 

5.5 

2.2 

3.8 

3.8 

2.8 

3.4 

2.8 

1.7 

8.9 

14,1 

AMAL 

4 

1 

12 

1 

19.9 

18.9 

54.8 

42.7 

45.4 

48.2 

49.3 

25.0 

40.3 

17.7 

41.4 

40.4 

50.5 

CESA 

— 

1 

8 

2.  1 

9.6 

22.3 

32.3 

43.4 

56.6 

42.7 

46.9 

46.9 

30.9 

36.7 

62.  1 

83.4 

CEVE 

— 

-- 

— 

— 

-- 

— 

.2 

3.0 

1.7 

2.8 

3.4 

.6 

1.9 

3.3 

11.3 

PAMY 

— 

— 

.1 

.2 

.2 

.2 

.9 

.9 

1.5 

1.6 

1.8 

4.6 

4.6 

6.3 

8.8 

ROGY 

— 

— 

.5 

.8 

.4 

.6 

1.0 

.5 

.8 

1.6 

.5 

.3 

.8 

.4 

,3 

SASC 

3 

3 

6 

1 

5.8 

15.9 

17.0 

21.0 

29.6 

27.4 

28.5 

28.1 

25,4 

26.1 

53.1 

59.1 

60.8 

SPBE 

3 

1 

9 

1.7 

2.9 

3.2 

2.8 

3.9 

3.4 

4.4 

4.4 

3.8 

4.4 

5.5 

4,1 

3.9 

SYAL 

— 

— 

T 

~ 

— 

.2 

.9 

1.3 

— 

.5 

.3 

~ 

.8 

.7 

.2 

Table  12-6. — Volume  development  of  herb  component  (m'^/O.Ol  ha),  fig.  12-6 

Succession  year 


Species      1  2  3  4  5  6  7  8  9  10  1 1  12  13  14  15 

CARU  ~  0.5  0.9  1.2  1.3  1.2  2.3  1.1  2.5  2.4  2.8  2.8  1.8  4.1  6.1 

CAGE  —  .1  —  —  —  —  ~  .2  .4  .5  .6  .5  .7  1.1  .9 

CARD        0.1  .6  .4  .5  .9  .4  1.3  .9  1.2  .3  .8  .4  .7  .2  .4 

EPAN        3.1  8.0  7.7  6.2  4.0  1.4  1.1  .5  2.9  1.1  .4  .5  ,4  ,7  ,4 

EPPA  —  --  --  —  —  —  —  —  —  —  —  —  .4  — 

GEBI         .9  -- 

ILRI  —  .1  .2  .2  .3  .4  .7  .5  1.7  1.5  .7  .5  .4  .6  .4 

LUAR  —  —  .5  1.4  1.2  1.0  1.2  1.6  2.1  1.5  1.1  1.9  .8  .7  .8 

Misc.       1.0  1.2  .7  1.2  .7  .3  ,5  1,1  ,6  .9  .2—  —  .2  — 
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Figure  12-5.— Tree  and  shrub  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-16 

Site  location  and  description:  SW^^^NEh.  sec.  9,  T.  60  N.,  R.  2  W.  ,  BM;  Elevation:  3,350  ft;  Exposure:  Southwest 
(Az.  2A0°)  ;  Slope:  30Z 

Forest  cover  type  and  tree  size  class:  Douglas-fir  immature  poletimber,  70  through  100%  crown  coverage 

Reconstructed  preflre  forest  stand: 

Tree  component:  Conifer  density:  13.6/0.01  ha;  Average  d.b.h.:  15.0  cm;  Basal  area:  3,088  cm^/0.01  ha 
Shrub  component:  ACGL  11%,  CESA  17%,  ROGY  11%,  SASC  56%,  SYAL  5%  (Shrub  density:  7.2/0.01  ha); 
Other  species  present:  CEVE,  PAMY,  RUPA,  SPBE 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1930  hrs) ;  Succession  year  1:1968; 

FTre  intensity:  3,A00  to  22,500  Btu/sec/ft;  Rate  of  spread:  1  to  6  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 

Table  13-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  13-1 


Life  form 

Succession 

year 

component 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Tree 

— 

— 

~ 

— 

— 

— 

— 

— 

1 

2 

1 

4 

Shrub 

7 

32 

27 

62 

90 

120 

134 

196 

135 

166 

128 

145 

Herb 

46 

50 

47 

45 

35 

24 

39 

31 

32 

24 

35 

23 

Total  veg. 

53 

82 

75 

107 

125 

145 

173 

227 

168 

192 

164 

172 

Table  13-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  13-2 


Life  form 
component 


Succession  year 


1 


10 


11 


12 


Tree  —  —  —  —  —  —  --     —  1.0  4.8  3.3  11.9 

Shrub          7.8  30.4  21.1  55.0  98.5  167.0  157.5  329.5  242.3  292.6  219.2  240.7 

Herb          9.6  22.4  19.7  17.7    12.0    9.8    17.3    11.5  15.4  9.9  21.3  12.9 

Total  veg.  17.4  52.8  40.8  72.7  110.5  176.8  174.7  341.0  258.7  307.3  243.8  265.5 
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Figure  13-1.  — Vegetative  cover. 
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Figure  13-2.  — Vegetative  volume. 
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Table  13-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  13-3 


Succession  year 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Tree 

PICO 

— 

— 

— 

— 

— 

— 

— 

— 

— 

<1 

<1 

<1 

PSME 

— 

— 

— 

— 

— 

— 

— 

— 

1 

2 

1 

4 

Shrub 

ACGL 

1 

2 

2 

3 

5 

1 

8 

7 

5 

2 

1 

1 

CESA 

— 

5 

12 

29 

47 

82 

74 

121 

77 

101 

66 

75 

CEVE 

— 

— 

— 

— 

— 

— 

<1 

1 

2 

3 

2 

— 

LOUT 

— 

— 

— 

<1 

— 

— 

— 

— 

— 

— 

— 

— 

PAMY 

— 

— 

— 

1 

1 

1 

2 

4 

6 

6 

6 

9 

ROGY 

— 

3 

2 

2 

3 

3 

6 

9 

5 

8 

6 

6 

RUPA 

— 

3 

— 

2 

6 

5 

3 

5 

5 

7 

7 

3 

SASC 

6 

14 

11 

21 

23 

22 

31 

39 

28 

27 

30 

34 

SPBE 

— 

4 

1 

3 

4 

5 

8 

9 

7 

11 

9 

13 

SYAL 

— 

<1 

— 

— 

<1 

1 

1 

<1 

1 

1 

1 

3 

Table  13-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  13-4 


Species 


Succession  year 


10 


11 


12 


AGAL 
ANMA 
APAN 
CARO 
DAGL 
EPAN 
GEBI 
RIAL 
ILRI 
PHPR 
PTAQ 
Misc. 


3 

1 

27 

6 


5 

1 

34 

1 


11 
2 


6      3      3      2      6 
2      3      2      3      6 

29     26     15      6      2 
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Figure  13-3.— Tree  and  shrub  cover. 
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Table  13-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  13-5 


Succession  year 


Species     12     3     4     5 


10     11     12 


Tree 
PICO 
PSME 


0.4    0.3    0.4 
1.0    4.4    3.0   11.5 


Shrub 


ACGL 

0.3 

1.8 

1.2 

3.4 

6.3 

2.3 

6.2 

13.3 

11.3 

3.4 

3.6 

4.1 

CESA 

— 

2.8 

7.4 

23.2 

53.9 

122.8 

93.7 

222.7 

159.0 

211.0 

134.2 

142.0 

CEVE 

— 

— 

— 

— 

— 

— 

.2 

1.3 

2.7 

5.9 

3.3 

— 

LOUT 

— 

— 

— 

.2 

— 

— 

— 

— 

— 

— 

— 

— 

PAMY 

— 

— 

— 

.1 

.2 

.2 

.7 

1.4 

2.1 

2.3 

2.3 

4.2 

ROGY 

— 

1.3 

1.0 

1.7 

2.0 

1.9 

3.8 

5.6 

2.5 

6.1 

4.6 

4.6 

RUPA 

— 

1.2 

— 

.4 

2.2 

1.8 

1.6 

2.8 

2.4 

3.4 

2.9 

1.2 

SASC 

7.5 

21.4 

11.  1 

24.8 

32.4 

36.1 

47.4 

79.1 

59.4 

54.8 

63.2 

76.6 

SPBE 

— 

1.9 

.4 

1.2 

1.4 

1.6 

3.5 

3.0 

2.5 

5.0 

4.3 

5.8 

SYAL 

— 

<.l 

— 

— 

.1 

.3 

.4 

.3 

.4 

.7 

.8 

2.2 

Table  13-6. — Volume  development  of  herb  component  (m^/0.01  ha),  fig.  13-6 


Species 


Succession  year 


1 


10 


11 


12 


AGAL 
ANMA 
APAN 
CARO 
DAGL 
EPAN 
GEBI 
RIAL 
ILRI 
PHPR 
PTAQ 
Misc. 


0.1    2.6    0.5    0.9    2.9    2.3    7.0    2.0  4.9  2.9  6.9   5.0 

.2     .3     .7     .4  .7  .7  .6    .5 

.3  __  .3  __ 

.3     .6     .7     .4     .3     .3     .9     .8  .9  .8  1.4    .6 

.1     .1     .4     .8     .4     .9    2.1     .9  2.0  1.3  2.8   1.5 

7.5    16.7    15.4    12.5    6.2    3.3    1.1    2.6  1.5  1.8  2.2    1.9 
.4     .2   — 

<.l  __ 

.1     .3     .3     .3     .7    1.5    1.6    1.3  1.9  1.0  2.5    1.0 

.3     .4     .9    2.0     .2     .5    2.5    2.7  3.4  .8  4.9   2.4 

.8    1.4    1.4     .8    1.1     .7     .8     .6  .2  .4  — 
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Figure  13-5.  — Tree  and  shrub  volume. 


10       II       12 


20     ^ 


15      . 


< 

X 


\ 


o 


10      . 


.  AGAL 


_—• :</'       \      ^   /  \  PTAQ 


EPAN 


4         5         6         7         8         9 
SUCCESSION   YEAR 


0       11       12 


Figure  13-6.— Herb  volume. 


91 


SUNDANCE  BURN:   1802-16  Study  Area  SD-17 

Site  location  and  description:  SEJsSE^s  sec.  9,  T.  60  N. ,  R.  2  W. ,  BM;  Elevation:  3,650  ft;  Exposure:  Southwest 
(Az.  240°);  Slope:  30% 

Forest  cover  type  and  tree  size  class:  Western  larch  immature  poletimber,  10  to  A0%  crown  coverage 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density;  1.6/0.01  ha;  Average  d.b.h.:  3.5  cm;  Basal  area:  18  cm^/0.01  ha 
Shrub  component:  ACGL  2%,  AMAL  15%,  CESA  21%,  HODI  14%,  PREM  3%,  ROGY  1%,  SASC  39%,  SYAL  5%  (Shrub  density: 
50.0/0.01  ha);  Other  species  present:  CEVE,  LOUT,  PAMY ,  SPBE,  VAME 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1930-2000  hrs)  ;  Succession  year  1:1968; 
—    Fire  intensity:  3,400  to  22,500  Btu/sec/ft;  Rate  of  spread:  I  to  6  mi/h; 

'  '         Fire  severity:  R-N  index:  5-M  to  5-D;  Shrub  overstory  crown:  Consumed,  reduced  to  charred  stubs  at  root  crown; 
Litter-duff:  Consumed 

Table  14-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  14-1 


Life  form 
component 


Succession  year 


10 


11 


12 


13 


14 


15 


Tree 
Shrub 
Herb 
Total  veg. 


50  60  115  104 
41  62  52  49 
91     122     168    153 


140    144     138    170    131     143     157 

47     32     48     48     50     46     51 

187    177    186    219    181    189    208 


139 

155 

193 

183 

53 

49 

47 

44 

192 

204 

240 

227 

Table  14-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  14-2 


Life  form 
component 


Succession  year 


10 


11 


12 


13 


14 


15 


Tree 

Shrub 
Herb 
Total  veg. 


71.4        88.8      235.5      182.1      230.3      302.3      241.9      340.9      218.7      255.1      269.0      244.3      268.5      334.3        351.2 

6.5        18.0        12.4        14.7        10.5  8.6        15.6        14.9        14.4         13.4        15.9        17.4         17.9        15.9  17.2 

77.9      106.8      247.9      196.7      240.8      310.9      257.5      355.8      233.1      268.5      284.9      261.7      286.4      350.2        368.4 
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Figure  14-1.  — Vegetative  cover. 
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Figure  14-2.— Vegetative  volume. 
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Table  14-3. — Cover  development  of  shrub  component  (m^/0.01  ha  or  %) ,  fig.  14-3 


Success 

ion  year 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ACGL 

1 

1 

2 

2 

3 

3 

1 

2 

3 

3 

4 

4 

3 

4 

3 

AMAL 

1 

2 

4 

8 

9 

11 

13 

16 

9 

6 

6 

12 

9 

11 

10 

CESA 

9 

16 

13 

20 

50 

22 

20 

26 

28 

48 

47 

30 

46 

85 

67 

CEVE 

— 

— 

— 

— 

— 

— 

— 

1 

1 

— 

— 

— 

— 

— 

— 

HODI 

2 

1 

2 

6 

4 

8 

10 

11 

7 

9 

13 

3 

9 

6 

7 

PAMY 

— 

5 

4 

8 

9 

11 

20 

16 

18 

15 

24 

27 

28 

25 

26 

PREM 

~ 

~ 

<1 

— 

1 

1 

2 

1 

1 

<1 

<1 

1 

~ 

1 

<1 

ROGY 

1 

2 

6 

7 

9 

9 

7 

8 

9 

8 

11 

8 

8 

9 

7 

SASC 

34 

30 

75 

47 

46 

72 

60 

75 

46 

48 

46 

50 

49 

49 

54 

SPBE 

1 

2 

3 

3 

3 

3 

2 

2 

4 

3 

2 

1 

2 

2 

2 

SYAL 

1 

1 

6 

4 

6 

5 

4 

11 

5 

3 

4 

3 

<1 

3 

5 

VAME 

— 

~ 

~ 

1 

— 

— 

— 

— 

— 

— 

— 

— 

1 

— 

— 

Table  14-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  14-4 


Success 

ion 

year 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ACM  I 

— 

— 

— 

— 

— 

_- 

— 

— 

— 

1 

1 

1 

— 

— 

— 

CARU 

8 

22 

21 

17 

22 

18 

33 

25 

25 

23 

26 

26 

29 

30 

28 

CAGE 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

1 

1 

1 

— 

CARO 

2 

6 

2 

5 

7 

4 

1 

— 

4 

1 

2 

2 

1 

1 

2 

CRAF 
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— 
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2 
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2 

1 

1 
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— 
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— 
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— 

— 

— 
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1 

— 
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1 

2 

2 
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— 

— 
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— 
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— 

— 

— 

— 

— 

— 

LUAR 

18 

25 

19 

19 

8 

4 

10 

9 

13 

12 

13 

19 

13 

11 
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— 
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2 

2 

2 

1 

1 
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3 
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7 

3 

2 

2 
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8 

7 

4 
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Figure  14-3.— Shrub  cover. 
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Table  14-5. — Volume  development  of  shrub  component  (m^/0.01  ha),  fig.  14-5 


Succession  year 

Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ACGL 

0.8 

1.9 

2.9 

2.9 

4.7 

5.8 

1.0 

3.4 

4.5 

4.1 

5.5 

6.4 

4.6 

5.5 

5.5 

AMAL 

.5 

1.2 

3.0 

8.1 

9.2 

11.5 

14.2 

19.2 

9.3 

6.8 

8.4 

16.8 

12.1 

15.5 

16.8 

CESA 

3.6 

12.1 

8.3 

15.0 

49.0 

25.1 

13.7 

18.8 

23.0 

59.0 

60.8 

26.3 

44.7 

108.8 

94.5 

CEVE 

~ 

— 

— 

— 

— 

— 

— 

.6 

.5 

— 

— 

— 

— 

— 

— 

HODI 

1.5 

1.5 

2.8 

9.8 

6.0 

13.3 

11.0 

19.3 

11.3 

14.5 

19.2 

4.8 

11.7 

10.1 

14.1 

PAMY 

— 

.8 

.9 

1.7 

2.4 

3.6 

7.8 

6.5 

7.6 

6.4 

10. 0 

12.3 

14.4 

12.3 

13.2 

PREM 

— 

— 

<.l 

— 

.7 

1.2 

3.1 

1.5 

1.1 

.4 

.6 

2.0 

— 

1.0 

.1 

ROGY 

.1 

.5 

2.1 

2.8 

3.8 

3.7 

3.5 

4.6 

4.0 

4.3 

6.3 

4.8 

4.8 

5.3 

4.1 

SASC 

64.1 

69.1 

211.7 

139.1 

150.7 

234.4 

184.3 

260.2 

154.7 

157.8 

156.4 

169.4 

175.3 

174.2 

200.6 

SPBE 

.2 

.8 

.6 

.8 

.8 

1.2 

.5 

.7 

1.0 

.7 

.5 

.3 

.7 

.5 

.6 

SYAL 

.6 

.8 

3.2 

1.4 

3.0 

2.6 

2.7 

6.1 

1.8 

1.3 

1.3 

1.3 

.2 

1.2 

1.8 

VAME 

— 

— 

— 

.4 

~ 

— 

— 

— 

— 

— 

— 

— 

<.l 

~ 

— 

Table  14-6. — Volume  development  of  herb  component  (m^/0.01  ha),  fig.  14-6 

Succession  year 


Species  1       2  3      4      5  6  7      8  9     10  1 1  12  13     14     15 

ACMI  —  —  --  --  —  —     —  —  —  0.2  0.1  0.1 

CARU  2.0  7.0  5.2  5.0  5.9  5.3    10.5  7.3  7.1    7.0  9.1  8.9  10.7   11.0   11.8 

CAGE  —  --  —  —  —  —     --  —  —  —  .3     .2  .2     .2  — 

I         CARD  .1     .5  .2     .6     .6  .4  .1  —  .5   <.l  .3     .2  .1     .1     .3 

CRAF  .5  — 

EPAN  .3     .2  2.1  2.2     .8  .7    1.2  1.8  1.0    .8  .6    .8  .9—  .7 

FRVE  —  —  —  —  —  —     —  —  <.l  —  —      .1  .1     .2     .3 

LICO  --  —  —  —  —  —     —  —  .4  — 

LUAR  2.5  8.7  3.2  5.5  1.2  .8    3.3  2.5  3.8   3.2  3.2  5.8  4.3   3.6    1.7 

THOC  —       .2  .4     .7  1.0  .4  .4  2.1  1.3    1.9  2.3  1.3  1.6    .8   2.5 

I        Misc.  1.2  1.4  1.3     .6  1.0  .9  .1  1.3  .2    .3  — 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-18 

Site  location  and  description:  SESsSEij  sec.  9,  T.  60  N.,  R.  2  W. ,  BM;  Elevation:  3,550  ft;  Exposure:  Southwest 
(Az.  245°);  Slope:  35% 

Forest  cover  type  and  tree  size  class:  Western  larch  immature  poletimber,  10  to  40%  crown  cover 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density  10.8/0.01  ha,  paper  birch  density  4.4/0.01  ha;  Average  diameter: 

Conifer  10.9  cm,  paper  birch  11.8  cm;  Basal  area:  Conifer  1,391  cm^/0.01  ha.  Paper  birch  901  cm^/0.01  ha 
Shrub  component:  ARAL  20%,  CESA  8%,  HODI  6%,  PREM  1%,  ROGY  11%,  SASC  52%,  SYAL  2%  (Shrub  density:  40.0/0.01  ha); 
Other  species  present:  ACGL,  CEVE,  LOUT,  PAMY,  RUPA,  SPBE,  VAME 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1930-2000  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  3,400  to  22,500  Btu/sec/ft;  Rate  of  spread:  1  to  6  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 

Table  15-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  15-1 


Life  form 

Success 

ion  year 

component 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Tree 

~ 

— 

— 

— 

— 

— 

— 

<1 

15 

17 

19 

18 

Shrub 

58 

75 

87 

137 

138 

119 

127 

174 

148 

130 

157 

138 

Herb 

25 

41 

46 

37 

42 

38 

47 

48 

50 

45 

48 

43 

Total  veg. 

83 

116 

133 

175 

181 

157 

174 

221 

212 

191 

225 

199 

Table  15-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  15-2 


Life  form 
component 


1 


Succession  year 


10 


11 


12 


Tree  —  —  —  —  —     —     —  0.1  67.2  77.4  96.2  90.4 

Shrub  75.0  78.4  93.3  181.6  195.4  212.9  174.6  296.7  250.0  227.7  273.1  210.7 

Herb           8.6  12.8  13.9    13.3  16.8    14.7    16.8  17.0  19.4  20.8  22.5  21.2 

Total  veg.  83.6  91.2  107.2  194.9  212.2  227.6  191.4  313.7  336.6  325.8  391.8  322.3 


SHRUB 


TOTAL   VEG 


0  12         3 


gure  15-1.  — Vegetative  cover. 


4         5         6         7         8         9 
SUCCESSION   YEAR 


IQ       11        12 


400   ^ 


C 

:    250  L 


TOTAL   VEG. 


0123456789 

SUCCESSION   YEAR 

gure  15-2. —  Vegetative  voiume. 


SHRUB 


TREE 


HERB 


0       11        12 


99 


SD  -  18 

Table  15-3. — Cover  development  of  tree  and  shrub  components  (ra^/0.01  ha  or  %) ,  fig.  15-3 


Succession  year 


Species     12     3     4     5      6      7      8      9     10     11      12 


Tree 


BEPA  —    —    ~    ~    —  —  —  —  H  16  18  16 

PSME  ___-    —    —    —  —  —  <1  <1  1  2  1 

Shrub 

AMAL  3     6     5     14     9  12  5  15  10  7  8  12 

CESA  13    25    37    76    80  43  53  74  72  67  78  54 

CEVE  ~    ~     ~    —    ~  ~  —  —  —  ~  <1 

HODI  —1—535354433 

PAMY  —             2122  3  3  8  8  712  16 

ROGY  .._          <i             1          —             2  2  2  3  2  1  4  5 

RUPA  5    10    16     8    15  8  13  12  9  10  12  8 

SASC  35    26    24    25    22  37  40  49  31  24  30  30 

SPBE  26486  8  7  8  10  6  8  6 

SYAL  __________  1  1  __  <i  2  <1  1 

VAME  __________  1  1  __  2  2  2  2 


Table  15-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  15-4 

Succession  year 

Species  1      2      3      4      5      6  7  8     9     10    11     12 

AGAL  —2               1222  2  21—11 

APAN  ~               1               1             __            —            __  __  __             1             1          —             1 

BERE  —             —             —             —             —             —  —  —              1 

CARU  12     15     19     14     17     16  23  22    24    18    25    23 

CARO  ~      1     __      1      1      3  5  2     4—22 

DAGL  _________       1  1  1—112 

EPAN  59869               7  9  87884 

ILRI  1            __               1             __            __            __  __  1 

LUAR  —             —             __                1                1             __  __  __              1              1 

PTAQ  235666  4  58888 

THOC  —            —            —            —            —            —  —  12             111 

XETE  ______               1               1               I  2  2             2             2             2             2 

Misc.  5            10            11              8              7              3  1  4            14             1— 
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Table  15-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  15-5 


Succession  year 


Species     12     3  4  5  6  7  8  9  10  11  12 

Tree 

BEPA  —  —  ~  ~  ~  ~     ~     ~  67.0  76.4  94.2  88.3 

PSME  —  —  ~  —  —  —     —      0.1  .2  .9  2.0  2.1 

Shrub 

AMAL        2.2  6.2   4.5  14.6  7.7  14.4    4.4    16.6  11.3  7,6  11.3  20.4 

CESA  14.4  12.8  24.3  84.0  113.0  68.5   56.5   113.6  120.3  123.6  138.3  59.5 

CEVE  —  —  —  --  ~  —     —     —  —  ~  .7 

HODI  —      .9  --  9.0  5.5  10.7    6.0    9.7  8.4  7.7  6.4  6.6 

PAMY  —      .2     .2     .3  .4  .8  .9    2.9  2.9  2.6  4.6  b.5 

ROGY  —      .1    .3—  .9  .9  .8    2.0  .4  .4  2.4  3.0 

RUPA         .6  3.7    5.5  2.4  6.0  2.4    4.5    3.9  3.4  3.6  4.1  2.6 

SASC  57.4  52.0  57.1  69.0  60.5  112.5    98.7   145.9  98.4  78.9  102.2  108.7 

SPBE         .4  2.5    1.4  2.3  1.4  2.3    2.4    2.0  3.8  1.9  2.5  2.1 

SYAL  —  —  —  --  —  .3     .3   —  .2  .9  .2  .8 

VAIIE  —  —  —  —  ~  .1     .2   ~  .6  .4  .4  .6 


Table  15'-6. — Volume  development  of  herb  component  (m"'/0.01  ha),  fig.  15-6 


Succession  year 


Species      1      2      3      4      5      6      7      8     9     10    11     12 


AGAL  —      1.2  0.2  1.0  1.2    0.8     1.2  0.8  0.5  —  0.9  0.8 

APAN  —       .1     .1  --  —  —  --  —  .2  0.2  —  .2 

BERE  —  --  —  --  —  —  —  —  .1  — 

CARU        6.0    4.6    5.2  4.3  4.3    4.7     7.3  6.9  7.7  5.6  9.4  8.3 

CARO  ~       .1  —  <.l     .1     .4     .5  .3  .7  —  .2  .2 

DAGL  —  —  —  —  —       .3     ,5  .3  ~  .3  .7  .8 

EPAN        1.5    3.7    3.4  2.8  6.0    4.4    4.2  3.9  3.9  5.8  4.7  3.8 

ILRI        <,i  __       .1  —  --  —  —  .5  — 

LUAR  —  —  —       ,2     .1  —  —  —  .2  .2  — 

PTAQ         .3    1.3    2.7  3.2  3.5    3.3    2.6  2.6  5.1  6.7  5.6  6.3 

THOC  —  —  —  —  —  —  ,3  .5  .2  .3  .3 

XETE  —  —  —       .2     .2     .2     .4  .5  .5  .9  .6  .5 

Misc.        .8    1.8    2.1  1.5  1.4     .7     .2  .8  .1  1.1  .2  — 
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Figure  15-5.  — Tree  and  shrub  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-19 

Site  location  and  description:  SW-jNEls  sec.  30,  T.  60  N. ,  R.  2  W. ,  BM;  Elevation:  4,250  ft;  Exposure:  Southeast 
(Az.  115°);  Slope:  25% 

Forest  cover  type  and  tree  size  class:  Western  white  pine  immature  poletimber,  70  through  100%  crown  cover 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  29.2/0.01  ha;  Average  d.b.h.:  13.7  cm;  Basal  area:  5,477  cm^/0.01  ha 
Shrub  component:  ALSI  71%,  SASC  29%  (Shrub  density:  2.8/0.01  ha); 
Other  species  present:  AMAL,  LOUT,  PAMY,  RUPA 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1930-2200  hrs) ;  Succession  year  1:1968; 
Fire  intensity:  3,400  to  22,500  Btu/sec/ft;  Rate  of  spread:  —  mi/h; 
Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 

Table  16-1. — Successional  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  16-1 


Life  form 
component 


Succession  year 


7      8      9 


10 


11 


12 


13 


14 


15 


Tree 
Shrub 
Herb 
Total  veg. 


1  7  12  16  36 
17  27  41  33  36 
17     35     53     49     72 


7 
21 
26 
54 


25 

37 

49 

64 

73 

96 

87 

105 

40 

28 

32 

26 

43 

69 

61 

103 

39 

52 

51 

48 

62 

58 

73 

62 

104 

118 

131 

138 

177 

224 

221 

270 

Table  16-2. — Successional  development  of  vegetative  volume  (m^/0.01  ha),  fig.  16-2 


Life  form 
component 


1 


Succession  year 


10 


11 


12 


13 


14 


15 


Tree  —  —  —  —  —  3.0 

Shrub         0.1  2.6  5.2    8.1  31.8  25.6 

Herb           3.0  10.0  15.2  13.8  16.1  10.4 

Total  veg.     3.1  12.6  20.4  21.9  47.9  39.0 


22.7  46.3  77.6  125.6  170.6  276.2  285.4  383.6 

56.2  42.2  37.6  30.1  62.1  120.0  116.0  235.1 

14.0  23.1  25.6  26.4  36.2  32.6  60.8  50.2 

92.9  111.7  140.8  182.1  268.8  428.8  462.1  669.0 
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Figure  16-1.  — Vegetative  cover. 
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Figure  16-2.  — Vegetative  volume. 
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Table  16-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  16-3 

Succession  year 

Species  12     3  4  5  6  7  8  9  10     1 1     12     13     lA     15 

Tree 

PIEN  ____    —  —  —  —  —  1  1  1       1      2      3      3      3 

PICO  —    —    —  —  —  7  —  24  37  47     63     71     94     84    101 

PIMO  —    —    —  —  ~  —  —  ~  —  —     ~     —     --     <1     <1 

Shrub 

ALSI  —    ~    —  —  7  8  —  15  12  11     12     22     40     4C     75 

PAMY  —    —    —  —  —  —  —  —  —  —       1       1       1       2      1 

RIVI  ______  —  —  —  —  1  1  1       1       1       1       1       2 

RUPA  ______  —  —  —  —  1  2  2      2      1      3      4      4 

SASC  1     7    12  16  29  12  —  23  14  18     10     18     23     14     21 


Table  16-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  16-4 

Succession  year 


Species      1 


10 


11     12 


13    14    15 


ANMA 
APAN 
EPAN 
GEBI 
HIAL 
PTAQ 
PYPI 
XETE 
Misc. 


14     20     27     23     25     13 
1 


12    15    12    10 


1 

3 

11 


6      8      6      6      9 


2      15      4      5      2 


1     2 
16    26 


3     1 


2 
30 
1 
1 
2 


4 
29 
1 
1 
2 


6 
40 


8     9    11 
39    55    46 
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Table  16-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  16-5 


Succession  year 


Species  12  3 


10  11  12  13  U  15 


Tree 
PIEN 
PICO 
PIMO 

Shrub 

ALSI 

PAMY 

RIVI 

RUPA 

SASC 


3.0 


O.A    0.5    1.0    1.0    2.1    3.3    3.7 
22.3   45.9   76.6   124.6   168.5   272.9   281.1   378 

.6 


10.8    17.0 


38.5   30.2   21.1   18.5   42.6   87.9   89.9  197 


0.1   2.6   5.2   8.1   21.0    8.6 


.5     .5 

.1     .3 

17.1    11.2 


.7 

.5 

15.3 


.3 

1.  1 

.3 


.4 
.6 
,2 


.9 
1.2 


9.8   18.3   29.2 


.9 
1.3 
1.6 
^2.3   33 


Table  16-6. — Volume  development  of  herb  component  (m^/0.01  ha),  fig.  16-6 


Succession  year 


Fitu 


Species      1 


10    11    12 


13    14 


ANMA 
APAN 
EPAN 
GEBI 
HIAL 
PTAQ 
PYPI 
XETE 
Misc. 


0.4 


2,7    7.5   11.2    10.9    12.9    6.6 
,2   — 


2.1   2.7    1.4   0.8   0.2    0.8   0.2  - 

1.2   —      .6  - 
5.7    7.9   8.4   6.7    7.3    5,6   3.8   3. 


2.1    2,8    2.0    1.8    2.9 


.2 


,2    1.3 


.9    1.4 


.1    .1     .4  2.1  1.0     .4   3.7   2 

5.3   12.0   14.8  16.0  26.3   25.7   52.4  43 

<.l  .2  — 

.2  ,2  .1     .1    <.l 

.8    .4    .3  .4  — 
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Figure  16-5.  — Tree  and  shrub  volume. 
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Figure  16-6.— Herb  volume. 
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cm;  Basal  area:  2,384  cm^/0.01  ha 


SUNDANCE  BURN:   1802-16  Study  Area  SD-20 

Site  location  and  description:  SE!iNW%  sec.  29,  T.  60  N.,  R.  2  W. ,  BM;  Elevation:  3,800  ft;  Exposure:  North 
(Az.  340°);  Slope:  40% 

Forest  cover  type  and  tree  size  class:  Western  white  pine  immature  poletimber,  70  through  100%  crown  coverage 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  32.0/0.01  ha;  Average  d.b.h.: 
Shrub  component:  SASC  100%  (Shrub  density:  3.6/0.01  ha); 
Other  species  present:  ACGL,  PAMY,  ROGY,  RUPA,  SPBE 

Disturbance  treatment: 

Wildfire:  September  2,  1967;  Succession  year  1:1968; 

Fire  intensity:  —  Btu/sec/ft;  Rate  of  spread:  —  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Lltter-duff:  Consumed 

Table  17-1. — Succecslonal  development  of  vegetative  cover  (m^/0.01  ha  or  %) ,  fig.  17-1 


Life  form 
component 


Succession  year 


10 


11 


12 


13 


14 


Tree 
Shrub 
Herb 
Total  veg. 


9 

28 

35 

36 

44 

31 

45 

72 

65 

36 
30 

66 


31 
33 
64 


<1 
36 
27 
63 


2 

4 

5 

8 

15 

70 

40 

47 

47 

47 

38 

42 

48 

45 

52 

110 

86 

100 

99 

114 

21 
150 

54 
225 


Table  17-2. — Successlonal  development  of  vegetative  volume  (m^/0.01  ha),  fig.  17-2 


Life  form 
component 


Succession  year 


10 


11 


12 


13 


14 


Tree 
Shrub 
Herb 
Total  veg. 


0.  1 


2.4   22.7   36.3   38.3   33.8   58.1 

9.7   21.7    16.7    14.6   16.3    13.1 

12.2   44.4   53.0   52.9   50.1    71.4 


1.5  3.2  5.9  9.4  20.5 

99.5  53.6  60.4  56.4  59.8 

13.7  16.8  19.5  18.9  20.4 

114.7  73.7  85.7  84.7  100.7 


43.9 
295.5 

23.6 
363.0 
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Figure  17-1.  — Vegetative  cover. 
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Figure  17-2.— Vegetative  volume. 
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SD  -  20 

Table  17-3. — Cover  development  of  tree  and  shrub  components  (m^/0.01  ha  or  %) ,  fig.  17-3 


Species      1 


Succession  year 


10     11     12     13     14     15 


Tree 

ABGR 

BEPA 

LAOC 

PI  EN 

PICO 

PIMO 

POTRI 

PSME 

Shrub 

ALSI 
PAMY 
RUPA 
SASC 
SPBE 


—  —     —      1     —      2      5  —  6  7 

<1 

—     —     —     <1  —  1  1 

—    —     —     —     <1      1      1      I      2  —  2  2 

-    —    —    —    —     <1     --      2      2      A      4      5  —  9  11 

—  —     —     —      1      1      2  —  3  4 

<1 

<1  —  1  1 

—     —      1      9     12  —  86  93 

_-  __  1  1 

3     7     6     2     5      4     —     12     10     16     11     10  --  16  27 

6    21    28    33    26     32     —     59     31     31     25     25  —  46  34 

<1      1     __  __  1 


Table  17-4. — Cover  development  of  herb  component  (m^/0.01  ha  or  %) ,  fig.  17-4 

Succession  year 

Species      1      2      3      4      5      6      7      8     9  10  11  12  13  14 

ANMA        ________      1      1     __      15     5  3  2  —  1 

ARLA        —     ____________      2     2     6  8  11  —  12 

CAMI        ~     —     —     —     —     —     —     —    —  —  __  1  __  2 

CLUN        —     —     —     —     —     --     ______     1  1  2  —  2 

EPAN        33     39     29     19     25     17     —     12    15     8  8  7  —  6 

HIAL        —     —     —     --     ________     2     2  2  3  —  2 

LICO 

PTAQ        —      4      1      8      8      7     —     17    15  22  18  24  ~  28 

Misc.        2      1      1      2     —      2     —      6     2     4  3  2  —  1 
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19 
2 
3 
4 
2 
1 

32 
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Figure  17-3.  — Tree  and  shrub  cover. 
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Figure  17-4.— Herb  cover. 
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SD  -  20 

Table  17-5. — Volume  development  of  tree  and  shrub  components  (m^/0.01  ha),  fig.  17-5 


Succession  year 


Species     12     3     4     5      6      7      8      9     10     1 1     12     13     14     15 


Tree 

ABGR  —  —  ~  —  —  —  --  —  0.4  —      1.0    5.0  —  7.5  10.4  i^ 

BEPA  ~  ~  —  —  --  —  —  —  —  ~  —  —  ~  ~  1.5  ^ 

LAOC  —  ~  —  —  —  —  —  --  --  --  —       .2  —  1.6  2.7 

PIEN  —  —  —  —  —  —  ~      0.1  .3    0.3     .5    1.5  —  2.0  2.3 

S 

PICO  —  --  —  —  —      0.1  —      1.3  2.5    5.4    7.4  12.0  ~  27.1  40.4  !\ 

PIMO  —  —  ~  —  —  —  —  —  —       .3     .5    1.6  —  5.2  9.0 

POTRI  —  ~  —  ~  —  —  ~  —  —  —  --  ~  ~  ~  <.l 

PSME  —  —  —  —  —  —  —  —  —  —  —       .1  ~  .4  .6 

Shrub 

ALSI  ~  ~  —  ~  —  —  —  —  —       .5  11.2  19.3  —  214.0  260.7 

PAMY  —  ~  —  —  —  —  —  —  —  —  —  —  —  .3  .3 

RUPA       0.6   2.6  2.8   0.4   2.1    2.5  —      6.0  4.2    7.5    5.1    4.3  ~  10.5  16.1 

SASC       1.8  20.1  33.5  37.8  31.7  55.7  —  93.5  49.4  52.4  39.7  36.2  —  70.4  58.7 

SPBE  ~  —  --  --  ~  --  —  ~  ~      <.l     .3  —  —  .3 


Table  17-6. — Volume  development  of  herb  component  (m  /O.Ol  ha),  fig.  17-6 

Succession  year 


Species      1      2      3      4      5      6      7      8     9    10    1 1     12     13    14    15 

ANMA       —     —     --     —      0.3    0.4   —      0.4    1.7    1.7    1.4   0.9   —     0.3  ~ 

ARLA       —     —     —     —     —     —     —       .2    .2    .5    1.1    1.2   ~     2.1    2.9 

< 
CAMI       —     —     —     —     —     —     —     —    —    —    —      .4   —      .:    1.3   I 

CLUN  —  --  --  --  —  --  —  —  —  <.l   <.l  .2  ~  ,1  .2 

EPAN  9.4  19.6  16.1  9.9  13.7    9.6  —  4.8  7.4  4.1   4.3  3.9  —  3.0  2.6 

HIAL  —  --  --  --  —  —  —  --      .4  .4    1.1  .8  ~  .8  .1 

LICO  —  --  —  —  --  —  —  —  —  —  —  —  —  —      .8  I  Z 

PTAQ       —      1.9     .3    3.9    2.3    2.4   —      7.2   6.4   11.7   10.1   12.6   —    16.8   19.8  D 

U 
Misc.        .3     .2     .3     .8   —       .7   ~      1.2    .8    1.0    .8    .5   —      .2 


114 


SD  -  20 
280 


^.\^%^ 

■ 

248 

- 

/ 

/ 
/ 

288 

/ 

/ 

< 

r 

_     168 
(S) 

- 

/ 

/ 
/ 
/ 

\     128 

- 

/ 
/ 

"  8a 

- 

/ 

x\ 

/ 
/ 

/ 

48 

- 



/ 

^-— ^ 

-^f                 ^ 

8 

X 

--T T       '- 

_^,  ^_ 

L-I 

--T — r"  I     1 

ALSI 


SASC 
PICO 


RUPA 


8       1        2       3       4       5       6       7       8       9       18     11      12     13     14     15 
SUCCESSION   YEAR 

Figure  17-5.  — Tree  and  shrub  volume. 
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Figure  17-6.— Herb  volume. 
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SUNDANCE  BURN:   1802-16  Study  Area  SD-21 

Site  location  and  description:  SW^ziSEiz;  sec.  20,  T.  60  N.,  R.  2  W. ,  BM;  Elevation:  3,A50  ft;  Exposure:  South 
(Az.  165°);  Slope:  25% 

Forest  cover  type  and  tree  size  class:  Douglas-fir  nonstocked,  <10%  crown  cover 

Reconstructed  prefire  forest  stand: 

Tree  component:  Conifer  density:  1.6/0.01  ha;  Average  d.b.h.:  6.2  cm;  Basal  area:  5A  cm^/0.01  ha 

Shrub  component:  CESA  24%,  PREM  32%,  ROGY  1%,  SASC  43%  (Shrub  density:  53.6/0.01  ha); 

Other  species  present:  A>iAL,  PAMY ,  RUPA,  VAME 

Disturbance  treatment: 

Wildfire:  September  1,  1967  (1930  hrs) ;  Succession  year  1:1968; 

Fire  intensity:  3,400  to  22,500  Btu/sec/ft;  Rate  of  spread:  1  to  6  mi/h; 

Fire  severity:  R-N  index:  5-M;  Overstory  crown  foliage:  Consumed;  Litter-duff:  Consumed 

Table  18-1. — Successional  development  of  vegetative 
cover  (m^/0.01  ha  or  %) ,  fig.  18-1 


Succession  year 

Life  form 

component 

1 

2 

3 

4 

5 

6 

Tree 

— 

— 

— 

~ 

— 

— 

Shrub 

63 

66 

96 

124 

160 

114 

Herb 

32 

46 

36 

37 

35 

32 

Total  veg. 

95 

112 

132 

162 

195 

147 

Table  18-2. — Successional  development  of  vegetative 
volume  (m^/0.01  ha),  fig.  18-2 


Succession  year 


Life  form 
component 


Tree 

Shrub  77.0  74.1  119.2  156.0  211.8  203.7 

Herb  11.5  24.0  17.7  18.9  19.4  18.4 

Total  veg.  88.4  98.1  136.9  174.9  231.2  222.1 
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Figure  18-1.  — Vegetative  cover. 
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Figure  18-2.  — Vegetative  volume. 
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SD  -  21 

Table  18-3. — Cover  development  of  shrub 

component  (m^/0.01  ha  or  %) , 
fig.  18-3 


Succession  year 

Species 

1 

2 

3 

4 

5 

6 

CESA 

5 

15 

32 

69 

95 

45 

PREM 

7 

6 

6 

3 

4 

9 

ROGY 

2 

2 

2 

2 

3 

2 

RUPA 

14 

20 

21 

22 

31 

16 

SASC 

35 

24 

35 

28 

27 

42 

Table  18-4. — Cover  development  of  herb  component 
(m^/O.Ol  ha  or  %) ,  fig.  18-4 


Succession 

year 

Species 

1 

2 

3 

4 

5 

6 

APAN 

1 

1 

1 

1 

3 

1 

CARU 

— 

— 

2 

1 

1 

1 

CLUN 

— 

— 

— 

— 

1 

— 

DIHO 

1 

1 

— 

2 

2 

2 

EPAN 

6 

5 

3 

4 

3 

4 

PTAQ 

20 

30 

22 

23 

22 

22 

TRRE 

— 

4 

— 

— 

— 

— 

Misc . 

5 

5 

8 

6 

2 

3 
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Figure  18-3.— Shrub  cover. 
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SD  -  21 

Table  18-5. — Volume  development  of  shrub 
component  (m^/0.01  ha), 
fig.  18-5 

Succession  year 


Species      1 


CESA 

1.7 

8.8 

PREM 

5.3 

5.1 

ROGY 

.3 

.4 

RUPA 

6.6 

6.6 

SASC 

63.1 

53.0 

22.8  68.1  118.7  44.5 

5.0  3.3  3.7  11.6 

.6  .5  1.1  .8 

8.4  8.5  10.9  4.5 

82.3  75.5  77.3  142.2 


Table  18-6. — Volume  development  of  herb  component 
(m^/0.01  ha),  fig.  18-6 


Succession  year 

Species 

1 

2 

3 

4 

5 

6 

APAN 

0.1 

0.2 

0.3 

0.2 

1.3 

0.2 

CARU 

— 

— 

.5 

.2 

.3 

.3 

CLUN 

— 

— 

— 

— 

<.l 

— 

DIHO 

.1 

.2 

— 

.4 

.3 

.3 

EPAN 

1.4 

2.2 

1.5 

1.9 

1.9 

2.4 

PTAQ 

9.2 

19.8 

13.1 

14.5 

14.7 

13.9 

TRRE 

— 

.4 

— 

— 

— 

— 

Misc. 

.7 

1.2 

2.3 

1.6 

.8 

1.2 
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Figure  18-5.— Shrub  volume. 
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Figure  18-6.— Herb  volume. 
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The  Intermountain  Research  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  Forest  Service  Research  stations  charged  with 
providing  scientific  icnowledge  to  help  resource  managers  meet  human 
needs  and  protect  forest  and  range  ecosystems. 

The  Intermountain  Station's  primary  area  includes  Montana,  Idaho, 
Utah,  Nevada,  and  western  Wyoming.  About  231  million  acres,  or  85 
percent,  of  the  land  area  in  the  Station  territory  are  classified  as 
forest  and  rangeland.  These  lands  include  grasslands,  deserts, 
shrublands,  alpine  areas,  and  well-stocked  forests.  They  supply  fiber 
for  forest  industries;  minerals  for  energy  and  industrial  development; 
and  water  for  domestic  and  industrial  consumption.  They  also  provide 
recreation  opportunities  for  millions  of  visitors  each  year. 

Several  Station  research  units  work  in  additional  western  States,  or 
have  missions  that  are  national  in  scope. 

Field  programs  and  research  work  units  of  the  Station  are  maintain- 
ed in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 

University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University  of 
Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 

Ogden,  Utah 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 

Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 
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COVER:  A  User's 
Guide  to  the 
CANOPY  and 
SHRUBS  Extension 
of  the  Stand 
Prognosis  IVIodel 


Melinda  Moeur 


*  2 

Crown  shQpe=dj(x) 

Crown  width=exp(BfXi) 
P(Shrubs)=     I   +exp[-BiXi] 

Shrub  cover  =  [p  (cov)-exp(BfXj)] 
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Laboratory,  Moscow,  ID.  Ms.  Moeur  received  her  M.S. 
in  forest  science  from  the  University  of  Minnesota, 
St.  Paul  (1980).  She  has  worked  on  linking  vegetation, 
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This  publication  replaces  a  draft  user's  guide  distributed  in  1981  (Moeur  and  Scharosch  1981). 
Enhancements  to  the  early  version  of  the  COVER  and  BROWSE  programs  are  described  herein. 
In  addition,  there  are  changes  to  several  of  the  keyword  names  and  formats  linking  the  COVER 
extension  to  Version  5.0  of  the  Prognosis  Model,  as  reported  in  the  Prognosis  Model  User's 
Guide  (Wykoff  and  others  1982): 


Prognosis  Model  User's  Guide 

Keyword 


COVER  Invoke  the  COVER  option  in 

the  shrub  and  cover  extension, 
field  1:  Method  to  be  used 
to  compute  foliage  biomass. 

SHRUB  Invoke  the  BROWSE  option  of 

the  shrub  and  cover  extension, 
field  1:  Number  of  years 
since  stand  was  regenerated, 
field  2:  Number  of  years 
shrub  output  will  be  printed, 
field  3:  Habitat  type  code  for 
processing  SHRUB  option. 


COVER  Extension  User's  Guide 

Keyword 

COVER  Invoke  the  COVER  extension 

(for  either  canopy  or  shrubs), 
field  1:  Cycle  to  begin 
COVER  predictions, 
field  2:  Dataset  reference 
number  for  output. 

CANOPY         Compute  crown  cover  statistics. 


SHRUBS         Compute  shrub  statistics, 
field  1:  Number  of  years 
since  stand  disturbance, 
field  2:  Habitat  type  code  for 
processing  SHRUBS  option, 
field  3:  Physiographic  type 
code, 
field  4:  Disturbance  type  code. 
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RESEARCH  SUMMARY 

The  COVER  extension  to  the  Stand  Prognosis  Model 
predicts  tree  canopy  closure,  crown  volume,  crown  profile 
area,  and  foliage  biomass  within  vertical  height  classes, 
and  the  probability  of  occurrence,  height,  and  cover  of 
shrubs  in  forest  stands.  The  model  may  be  used  to  pro- 
duce a  descriptive  summary  of  a  stand  at  the  time  of 
inventory,  or  to  project  overstory  and  understory  charac- 
teristics through  time  for  natural  and  managed  stands. 
This  paper  documents  use  of  the  COVER  program,  an 
adjunct  to  Version  5.0  of  the  Prognosis  Model.  Prepara- 
tion of  input,  interpretation  of  output,  program  control, 
and  model  characteristics  are  described.  Potential  appli- 
cations of  COVER  estimates  to  wildlife,  hydrology,  and 
insect  pest  modeling  are  presented. 
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COVER:  A  User's  Guide  to 
the  CANOPY  and  SHRUBS 
Extension  of  the  Stand 
Prognosis  iVIodel 


Melinda  Moeur 


INTRODUCTION 

Forest  managers  in  the  Northern  Rocky  Mountains  have  extensively  used  the 
Prognosis  Model  for  Stand  Development  (Stage  1973)  to  summarize  current  stand 
conditions,  and  to  predict  the  future  path  of  stand  growth  and  the  likely  conse- 
quences of  alternative  management  practices  on  stand  development.  The  use  of  stand 
models  like  Prognosis  need  not  be  restricted  to  timber  management  applications.  For 
example,  forest  managers  must  also  consider  how  management  practices  may  change 
the  suitability  of  a  stand  for  wildlife  habitat,  the  composition  of  the  understory,  or 
the  sequence  of  succession.  The  computer  model  described  in  this  paper,  known  as 
COVER,  extends  Prognosis  by  modeling  the  development  of  tree  crowns  and  under- 
story vegetation.  COVER  provides  three  types  of  information:  a  description  of  the 
eimount  of  cover  and  foliage  in  the  tree  canopy  by  height  class;  the  height  and  cover 
of  shrubs,  forbs,  and  grasses  in  the  understory;  and  a  summary  of  overstory  and 
understory  cover  and  biomass  for  the  stand. 

COVER  offers  two  options  that  can  be  run  separately  or  together:  CANOPY  con- 
trols predictions  of  values  related  to  tree  crowns;  SHRUBS  controls  predictions  of 
understory  characteristics.  Possible  applications  of  the  COVER  model  include 
examining  the  likely  effects  of  silvicultural  treatments  on: 

•  forest  stand  characteristics  important  to  wildlife,  such  as  thermal  cover  and  hiding 
cover,  browse  production,  and  the  interactions  of  shrubs  and  trees  that  determine 
vertical  and  horizontal  stand  structure. 

•  dynamics  of  the  shrub  community  affecting  stand  succession  and  competition  with 
regeneration. 

•  vertical  crown  form  and  foliage  distribution  important  to  feeding  and  dispersal 
patterns  of  insect  pests,  such  as  the  western  spruce  budworm. 

•  canopy  cover  and  ground  cover  development  which  affect  the  hydrologic  charac- 
teristics of  a  stand  following  harvest. 

This  manual  is  intended  to  be  a  companion  publication  to  the  Prognosis  Model 
User's  Guide  (Wykoff  and  others  1982).  The  research  described  here  is  based  on  the 


idea  that  management  prescriptions  which  affect  nonvegetation  ecosystem  compo- 
nents can  be  compared  and  evaluated  by  examining  simulated  changes  in  the  major 
vegetation  components.  Wykoff  and  others  (1982)  have  summed  up  this  philosophy, 
which  guides  our  research: 

Consequences  for  streamflow  from  the  forest,  for  wildlife  populations, 
and  for  pest  populations  that  inhabit  the  forest,  as  well  as  the  capabil- 
ity of  the  forest  to  yield  timber  or  provide  recreation— all  depend  on 
how  the  dominant  vegetation  changes  and  is  changed.  Unfortunately, 
yield  forecasts  have  traditionally  emphasized  the  merchantable  harvest 
that  might  be  obtained,  either  immediately  or  as  a  sequence  of  yields 
obtainable  at  intervals  of  time  into  the  future.  Volumes  of  merchant- 
able timber  have  been  the  most  common  units  of  measure  because 
timber  products  have  usually  been  the  primary  reason  for  investment. 
As  other  uses  for  the  forest  become  more  important,  however,  growth 
forecasts  need  to  be  stated  in  more  fundamental  descriptions  of  the 
future  forest  stand.  Too  often,  evaluation  of  tradeoffs  among  conflict- 
ing activities  or  objectives  for  use  of  forest  resources  has  been  ham- 
pered by  lack  of  sensitivity  of  the  forecasts  to  the  interactions  among 
ecosystem  components.  One  objective  for  development  of  the  Stand 
Prognosis  Model  is  to  so  characterize  stand  dynamics  that  the  model 
will  provide  a  sensitive  basis  for  representing  interactions  involving 
the  tree  species. 
COVER  can  provide  a  detailed  picture  of  the  vegetative  structure  of  a  single  stand 
through  time  under  different  silvicultural  prescriptions.  By  linking  to  the  Parallel 
Processing  version  of  Prognosis  (Crookston  1985),  COVER  can  also  model  long-term, 
large-scale  changes  for  groups  of  stands  arranged  in  time  and  space.  As  such,  it  may 
be  a  useful  tool  for  enhancing  forest  management  decisions  that  concern  nontimber 
ecosystem  components.  This  publication  begins  with  a  description  of  the  information 
produced  by  the  model  and  instructions  for  making  the  program  run.  There  follows  a 
discussion  of  the  biological  behavior  of  the  individual  submodels  and  a  final  section 
dealing  with  potential  applications. 

Range  of  Predictions  The  models  comprising  COVER  are  parameterized  with  data  collected  in  the 

Inland  Northwest  and  Northern  Rocky  Mountain  forests.  The  user  should  determine 
if  the  range  of  sp)ecies  and  site  conditions  for  which  predictions  are  made  are 
applicable  to  the  local  situation. 

Submodels  for  the  CANOPY  option  predict  conifer  crown  width,  crown  shape, 
and  foliage  biomass.  Equations  for  crown  width  and  foliage  biomass  are  derived 
from  data  on  370  trees  on  14  sites  in  northern  Idaho  and  western  Montana 
(Moeur  1981;  Brown  1978).  Sampled  stand  basal  area  ranges  from  1  to 
426  ft^/acre.  Open-grown  trees  and  trees  that  were  obviously  damaged  or 
heavily  defoliated  were  not  sampled.  Data  for  the  crown  shape  models  are  from 
9,800  trees  on  12  sites  in  western  Montana,  the  Blue  Mountains  of  eastern 
Oregon,  and  the  University  of  Idaho  forest  near  Moscow,  ID  (Langelier  and 
Carton  in  press  a). 

The  understory  portion  of  COVER  includes  models  that  predict  probability  of 
occurrence,  height,  and  cover  of  individual  shrub,  forb,  grass,  and  fern  species 
(Scharosch  1984;  Laursen  1984).  Understory  data  are  from  over  10,000 
1/300-acre  plots  on  500  stands  in  Douglas-fir,  grand  fir,  western  redcedar,  west- 
ern hemlock,  and  subalpine  fir  habitat  types.  Stands  were  measured  between  3 
and  40  years  following  major  stand  disturbance.  These  data  are  from  northern 
Idaho,  northeastern  Washington,  and  northwestern  Montana  (Colville, 


Data  Requirements 


Canopy  Cover 
Statistics  Display 


Panhandle,  Kootenai,  Lolo,  and  Clearwater  National  Forests),  to  central  and 
southern  Idaho  and  northwestern  Wyoming  (Nezperce,  Boise,  Payette,  and 
Targhee  National  Forests)  (Ferguson  and  others  [in  press]).  In  addition,  Irwin 
and  Peek  (1979)  fit  models  for  twig  production  and  dormant  season  shrub 
biomass  on  a  subset  of  the  data  (grand  fir,  cedar,  and  hemlock  types). 

Current  data  sources  make  the  COVER  predictions  most  applicable  to  the 
Northern  Region  (R-1),  and  portions  of  the  Intermountain  (R-4)  and  Pacific 
Northwest  (R-6)  Regions  of  the  Forest  Service.  The  user  should  exercise  caution 
in  extending  predictions  outside  these  geographic  areas. 

Information  needed  to  run  COVER  consists  of  the  minimum  Prognosis  Model 
input— the  inventory  design  used  to  measure  the  stand,  a  list  of  sampled  trees  for 
which  species,  diameter,  and  plot  identification  have  been  recorded,  and  values  for 
slope,  aspect,  elevation,  habitat  type,  and  forest  location  recorded  on  the  STDINFO 
card  (Wykoff  and  others  1982).  If  the  SHRUBS  option  is  used,  time  since  stand 
disturbance,  type  of  disturbance,  and  physiographic  position  are  required. 

Understory  predictions  are  improved  if  field  measurements  of  shrub  height  and 
cover  are  available  for  calibrating  portions  of  the  shrub  models.  These  data  are  only 
supplementary,  and  both  the  CANOPY  and  SHRUBS  options  wiH  execute  without 
them.  The  keywords  section  discusses  how  to  enter  calibration  information. 

INFORMATION  PRODUCED 

The  COVER  program  normally  produces  three  displays— one  describing  the 
structure  of  tree  crowns,  another  describing  the  composition  of  the  understory, 
and  a  third  summarizing  overstory  and  understory  cover  and  biomass.  The  user 
may  insert  keywords  to  turn  off  the  printing  of  any  of  the  displays. 

As  you  proceed  through  this  publication,  the  same  stand  used  in  the 
Prognosis  Model  User's  Guide  (Wykoff  and  others  1982)  v/ill  be  used  to  develop 
examples.  The  stand  (S248112)  is  on  the  St.  Joe  National  Forest.  It  is  57  years 
old  at  the  inventory  date,  positioned  on  a  northwest  aspect,  30  percent 
midslope,  at  3,400  feet  of  elevation,  and  is  a  Tsuga  heterophylla/Clintonia 
uni flora  habitat  type.  Values  presented  here  result  from  the  COVER  extension 
combined  with  Version  5.0  of  the  Inland  Empire  Prognosis  Model  and  Version 
1.0  of  the  Regeneration  Estabhshment  Model  (Ferguson  and  Crookston  1984). 
Four  COVER  extension  keywords  (COVER,  CANOPY,  SHRUBS,  and  END) 
inserted  into  the  Prognosis  Model  runstream  in  figure  1  produce  the  example 
canopy  and  shrub  displays. 

The  Canopy  Cover  Statistics  display  is  the  first  of  the  three  COVER  displays 
(fig.  2).  It  is  produced  when  the  CANOPY  option  is  specified.  To  give  the  user  a 
feel  for  the  vertical  profile  of  the  conifer  component  of  the  stand,  crown  cover 
values  are  partitioned  by  10-foot  height  classes. 

Trees  per  acre.— The  number  of  trees  per  acre  whose  total  heights  fall  within 
a  given  height  class. 

Canopy  closure.— The  percentage  of  ground  area  covered  by  the  projections  of 
individual  crowns  of  trees  whose  total  heights  fall  within  a  given  height  class 
(fig.  3a). 

Crown  profile  area.— The  area  in  square  feet  per  acre  within  vertical  height 
classes  occupied  by  crown  profiles,  represented  by  the  sum  of  lateral  areas  of 
crown  profile  sections  within  height  classes  (fig.  3b).  Crown  profile  area  may  be 
thought  of  as  a  foUage-height  profile,  or  the  view  one  would  have  if  the  stand 
were  "squashed  flat"  in  a  vertical  plane. 
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Figure  1.— Keyword  and  tree  record  file  used  to  project  stand  5248112 
using  ttie  combined  Prognosis  Model  and  COVER  extension. 
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Figure  3.  — Canopy  structure  computations  in  tlie  CANOPY  option  of  COVER:  (a)  canopy 
closure  by  10-ft  lieiglit  class:  (b)  crown  profile  area  by  10-ft  heigtit  class. 


Crown  volume.  — The  volume  in  cubic  feet  per  acre  of  tree  crowns  within 
height  classes.  Volume  is  determined  using  integration  of  standard  volume 
formulas  for  conical,  spherical,  parabolic,  elliptic,  and  neiloid  crown  forms. 

Foliage  biomass.— The  biomass  of  foliage  in  pounds  per  acre  in  the  stand, 
represented  by  the  sum  of  foliage  in  individual  crown  sections  within  height 
classes. 

Shrub  Statistics  The  second  COVER  display,  shrub  statistics  by  species  (fig.  4)  is  produced 

Display  when  the  SHRUBS  keyword  is  present  in  the  runstream.  Predictions  are  made 

for  each  of  31  species  or  species  groups  listed  in  table  1.  Nine  species  with  the 
greatest  predicted  cover  in  the  stand  are  always  displayed:  three  each  within 
low  (less  than  1.7  ft),  medium  (1.7  —  7  ft),  and  tall  (7  ft  and  greater)  height 
classes  (Patterson  and  others  1985). 

Cover.— The  percentage  of  area  covered  by  the  canopy  of  an  individual 
species  projected  vertically  onto  the  ground.  Species  cover  is  weighted  by 
probability  of  occurrence. 
Height.— Average  height  of  the  species,  in  feet. 

Probability  of  occurrence.— The  proportion  (expressed  as  a  percentage)  of 
1/300-acre  plots  in  the  described  stand  that  contain  the  indicated  species. 

The  remaining  species  within  each  height  class  are  combined  into  an  "other" 
category.  For  these,  cover  is  the  sum  of  other  species  cover  weighted  by  their 
probabilities,  height  is  their  average  height  weighted  by  species  cover, 
and  probability  is  the  sum  of  their  individual  probabilities.  In  addition,  the  user 
may  specify  up  to  six  species  which  will  always  be  displayed,  using  the 
SHOWSHRB  keyword  card  and  supplemental  data  record. 

Shrub  values  are  computed  only  between  3  and  40  years  following  stand 
disturbance  (the  lower  and  upper  limits  of  the  range  of  data  used  to  model 
shrub  production).  In  the  course  of  a  projection,  if  a  thinning  causes  canopy 
closure  to  fall  below  50  percent,  and  if  the  thinned  volume  is  at  least  20  percent 
of  the  volume  before  thinning,  then  time  since  stand  disturbance  is  reset  to  3 
years  and  shrub  computations  resume.  In  the  example  simulation,  time  since 
disturbance  was  incremented  from  initial  stand  age  of  57  years  until  the 
overstory  removal  in  year  2037.  Neither  the  thinning  in  1977  nor  the  one  in 
2007  opened  the  canopy  enough  to  trigger  shrub  calculations  in  the  program. 
The  overwood  cut  in  2037  reduced  crown  closure  from  98  percent  to  14  percent, 
causing  the  shrub  response  calculations  to  begin. 


STAND  ID:   S2'48n2 


SIAND  GROWrH  PROGNOSIS  SYSTEM  VERSION  5.0  --  INLAND  EMPIRE 

MANAGEMENT  CODE:   NONE      PROGNOSIS  WITH  COVER  EXTENSION  -  USER'S  MANUAL  EXAMPLE  STAND 


SHRUB  STATISTICS 


LOW  SPEC! ES  (0-1  .  7  F  I  ) 

ARUV:ARCTOSI APHYLOS  UVA-URSI 
BERB: BERBERIS  SPP. 
LI  BO: L INNAEA  BOREAL  I S 
PAMY: PACH I  ST  IMA  MYRSINIILS 
SPBE: SPIRAEA  BETULIFOLIA 
VASC: VAIXINIUM  SCOPARIUM 
CARX:CAREX  SPP. 


MTDI UM  SPEC! tS  (  1  .  7-  /  FT  ) 

LON I : LONICERA  SPP. 
MEKE:MENZI ESIA  TTRRUGINEA 
PHMA: PHYSOCARPUS  MALVAGFUS 
RIBE:RIBES  SPP. 
ROSA: ROSA  SPP. 
RUPA:RUBUS  PARVIfLORUS 
SIICA:  SHEPHERD!  A  CANADFNSI  S 
SYMP: SYMPHOR ICARPOS  SPP. 
VAML: VACCI NIUM  MLMBRANACEUM 
XFTE:XEROPHYLLUM  TENAX 
TERN: EERNS 
COMB: OTHER  SHRUBS  COMBINED 


TALL  SPEC! ES  (7+  TT ) 

ACGL:ACER  GLABRUM 
ALSI : ALNUS  SINUATA 
AMAL: AMFI  ANCH I ER  ALNIFOLIA 
CESA:CLANOTHUS  SANGUINEUS 
CEVE:CEANOTHUS  VELUTINUS 
COST:C0RNUS  SIOLONIFERA 
HODI : HOLODI SCUS  DISCOLOR 
PREM:PRUNUS  EMARGINAIA 
PRVI : PRUNUS  V  I RG I N I  ANA 
SALX:  SAIJX  SPP. 
SAMB: SAMBUCUS  SPP. 
SORB:SORBUS  SPP. 
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ATTRIBUTES  OF  IHF  FIRST  THREE  SPECIES  WITH  GREATEST  COVER  IN  EACH  HEIGHT  GROUP 
(ALl_  01  HERS  WITHIN  GROUP  COMBINED  INTO  CATEGORY  "OTHR") 
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Figure  4. - 


LIBO  PAMY  SPBE  OTHR 
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VAME  RUPA  ROSA  OTHR 

3.4  1.2  1.1  3.1 

2.2  2.0  2.8  2.5 

26.8  9.6  10.1  23.0 


ACGL  SALX  AMAL  OTHR 

4.9  1.0  0.9  2.0 

8.8  8.9  6.6  5.9 

15.5  5.2  5.9  11.2 


ACGL  SALX  AMAL  OTHR 

3.0  1.3  0.9  1.5 

8.3  9.2  6.5  6.1 

10.9  7.7  5.8  9.3 


ACGL  SALX  AMAL  OTHR 

1.8  1.2  0.7  0.9 

7.3  8.7  5.7  6.0 

8.1  8.0  5.0  6.7 


ACGL  SALX  AMAL  OTHR 

1.0  1.0  0.5  0.5 

6.3  7.7  4.8  5.9 

6.0  7.6  4.0  4.7 


The  shrub  statistics  display  is  produced  when  the  SHRUBS  l<eyword  is  present  in  the  runstream. 


Table  1.  — Understory  species  for  which  predictions  are  currently  made  in  the  SHRUBS  portion  of 
the  COVER  program,  height  class,  and  source  of  information 


Code       Scientific  name 


Common  name 


Height  class^     Source^ 


ACGL 

Acer  glabrum 

ALSI 

AInus  sinuata 

AMAL 

Amelanchier  alnifolia 

ARUV 

Arctostaphylos  uva-ursi 

BERB 

Berberls  spp. 

CARX 

Carex  spp. 

CESA 

Ceanothus  sanguineus 

CEVE 

Ceanothus  velutinus 

COST 

Cornus  stolonifera 

FERN 

Athyrium  filix-femina 

Pteridium  aquillnum 

HODI 

Holodlscus  discolor 

LIBO 

Linnaea  borealis 

LONI 

Lonicera  spp. 

MEFE 

Menziesia  ferruginea 

PAMY 

Pachistima  myrsinites 

PHMA 

Physocarpus  malvaceus 

PREM 

Prunus  emarginata 

PRVI 

Prunus  virginiana 

RISE 

Ribes  spp. 

ROSA 

Rosa  spp. 

RUPA 

Rubus  parviflorus 

SALX 

Salix  spp. 

SAMB 

Sambucus  spp. 

SHCA 

Shepherdia  canadensis 

SORB 

Sorbus  spp. 

SPBE 

Spiraea  betulifolia 

SYMP 

Symptioricarpos  spp. 

VAME 

Vaccinium  membranaceum 

Vaccinium  globulare 

VASC 

Vaccinium  scoparium 

XETE 

Xerophyllum  tenax 

COMB 

Artemisia  tridentata 
Clematis  columbiana 
Cornus  nuttallii 
Crataegus  douglasii 
Juniperus  spp. 
Ledum  glandulosum 
Lonicera  caerulea 
Lonicera  involucrata 
Opiopanax  horrldum 
Philadelphus  lewlsii 


Rocky  Mountain  maple 

Sitka  alder 

Serviceberry 

Kinnikinnick 

Oregon  grape 

Sedge 

Redstem  ceanothus 

Shinyleaf  ceanothus 

Red-osier  dogwood 

Fern 

Ocean-spray 

Twinflower 

Honeysuckle 

Menziesia 

Pachistima 

Ninebark 

Bittercherry 

Common  chokecherry 

Currant 

Rose 

Thimbleberry 

Willow 

Elderberry 

Russett  buffaloberry 

Mountain-ash 

Shinyleaf  spiraea 

Snowberry 

Big  huckleberry 

Globe  huckleberry 

Grouse  whortleberry 

Common  beargrass 

Other  shrubs  combined 
Prunus  pensylvanica 
Purshia  tridentata 
Rtiamnus  pursliiana 
Rhododendron  alblflorum 
Rhus  trilobata 
Rubus  leucodermis 
Rubus  ursinus 
Spiraea  pyramidata 
Taxus  brevlfolia 
Vaccinium  caespitosum 


T 
T 
T 
L 
L 
L 
T 
T 
T 
M 

T 
L 
M 
M 
L 
M 
T 
T 
M 
M 
M 
T 
T 
M 
T 
L 
M 
M 

L 
M 
M 


a,  b 

a 

a,  b 

a 

a 

a 

a,  b 

a.  b 

a 

a 

a,  b 
a 

a,  b 
a 

a,  b 
a,  b 
a.  b 
a 

a.  b 
a,  b 
a,  b 
a.  b 
a 
a 
a 

a.  b 
a,  b 
a,  b 

a 
a 
a 


'T  =  tall,  M  =  medium,  L  =  low  (from  Patterson  and  others  1985). 
^a;  Probability  of  occurrence  from  Schiarosch  (1984). 

Height  and  percent  cover  from  Laursen  (1984). 
b:  Twig  production  and  dormant  season  biomass  (ABGR/CLUN,  THPL/CLUN,  TSHE/CLUN 

habitat  types  only)  from  Irwin  and  Peek  (1979). 
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Canopy  and  Shrubs  The  third  display  is  the  Canopy  and  Shrubs  Summary  display  (fig.  5). 

Summary  Display  Understory  attributes: 

Time  since  disturbance.— Time  in  years  since  the  stand  has  been  entered  for 
harvest  or  site  preparation.  At  the  start  of  a  projection,  this  value  is  set  equal 
either  to  stand  age  or  to  the  value  entered  on  the  SHRUBS  keyword  record, 
and  is  incremented  by  the  length  of  each  cycle.  A  thinning  which  reduces 
canopy  closure  below  50  percent  and  accounts  for  at  least  20  percent  of  the 
prethinning  volume  causes  time  since  disturbance  to  be  reset  to  3  years.  See 
the  previous  section  for  more  explanation. 

Probability  of  shrub  cover  being  greater  than  zero.— The  proportion  (ex- 
pressed as  a  percentage)  of  1/300-acre  plots  in  the  described  stand  that  contain 
any  shrub  cover. 

Shrub  cover.  — Sum  of  individual  percentage  cover,  weighted  by  probability, 
for  all  species  in  low  (0—1.7  ft),  medium  (1.7-7  ft),  and  tall  (over  7  ft)  height 
classes,  and  total  shrub  cover. 

Average  shrub  height.— Average  height  in  feet  of  all  species,  weighted  by 
predicted  species  cover. 

Dormant  shrub  biomass.— Total  dormant  season  aboveground  shrub  biomass 
in  pounds  per  acre. 

Twig  production.— Current  year's  number  of  twigs  per  square  foot. 
Shrub  biomass  and  twig  production  are  only  computed  for  ABGR/CLUN, 
THPL/CLUN,  and  TSHE/CLUN  habitat  types  (codes  520,  530,  and  570). 

Stand  successional  stage  code.— A  vegetation  life  form  classification  described 
by  Peterson  (1982),  which  provides  a  basis  for  relating  wildlife  use  to  the  shrub 
and  conifer  structure  of  the  stand. 

Overstory  attributes: 

Stand  age.— Overstory  age  in  years,  entered  on  the  STDINFO  card  and  in- 
cremented by  the  length  of  each  projection  cycle.  The  value  of  stand  age  will 
change  during  the  projection  if  RESETAGE,  a  regeneration  establishment 
model  keyword  (Ferguson  and  Crookston  1984),  is  used. 

Top  height.— Current  average  height  in  feet  of  the  largest  40  trees  per  acre 
by  d.b.h. 

Canopy  closure.— Total  percentage  canopy  closure. 

Crown  foliage  biomass.— Total  foliage  biomass  in  pounds  per  acre. 

Sum  of  stem  diameters.— The  sum  of  stem  diameters  at  breast  height  for  all 
trees  in  the  stand,  in  feet.  This  quantity  may  be  used  to  compute  stem  area 
available  for  hiding  cover  by  multiplying  by  height  value  of  interest  (for  exam- 
ple, average  shoulder  height  of  an  elk). 

Number  of  stems.— Total  number  of  trees  per  acre. 

Shrub-small  conifer  competition: 

If  the  SHRUBS  option  is  in  effect,  a  display  similar  in  format  to  the  Canopy 
Cover  table  is  produced.  It  expands  the  resolution  of  the  first  20  ft  of  the 
stand,  and  displays  both  shrub  cover  and  number  of  trees  cumulatively  by 
height. 

Shrub  cover.— Total  cover  of  shrubs  whose  predicted  heights  are  greater  than 
the  current  height. 

Number  of  trees.— Total  number  of  trees  per  acre  whose  heights  are  greater 
than  the  current  height. 
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PROGRAM  ORGANIZATION 

Each  projection  cycle  in  the  Prognosis  Model  starts  with  simulated  thinnings 
if  thinning  activities  have  been  scheduled  for  that  cycle.  If  either  the  CANOPY 
or  SHRUBS  option  has  been  selected,  crown  and  shrub  statistics  are  computed 
and  displayed  following  the  thinning.  Next,  diameter  and  height  growth,  change 
in  crown  ratio,  and  mortality  rate  are  computed  for  each  tree  record  in  the  inven- 
tory by  the  main  program.  The  tree  attributes  are  updated  at  the  end  of  the 
cycle  and  then  crown  and  shrub  statistics  are  computed  once  again.  Thus,  in 
thinning  cycles,  COVER  values  are  computed  and  displayed  twice.  In  projec- 
tion cycles  with  no  thinning,  there  is  only  one  call  to  the  COVER  extension  at 
the  end  of  the  cycle. 

Crown  cover  and  shrub  predictions  are  displayed  following  a  thinning  to  show 
the  immediate  effects  of  treatment  on  cover  development.  Predictions  and  dis- 
play for  crowns  and  for  shrubs  are  handled  somewhat  differently  in  the  post- 
thin  sequence.  In  the  CANOPY  subprogram,  the  crown  models  use  prethin 
levels  of  stand  density  statistics  (trees  per  acre,  basal  area,  and  relative  diam- 
eter) to  predict  crown  dimensions  on  remaining  trees.  This  is  done  because  no 
immediate  response  in  crown  dimension  or  foliage  on  residual  trees  to  a  change 
in  stand  density  would  be  expected.  In  the  SHRUBS  subprogram,  predictions 
are  made  using  postthin  stand  density  statistics  to  reflect  the  more  rapid  re- 
sponse of  understory  plants  that  one  would  expect  following  an  opening  up  of 
the  canopy. 

The  COVER  extension  may  be  used  in  conjunction  with  ESTAB,  a  Prognosis 
Model  extension  that  simulates  regeneration  and  subsequent  development  of  a 
regenerated  stand  (Ferguson  and  Crookston  1984).  Inside  the  combined 
COVER,  ESTAB,  and  Prognosis  Models,  shrub  values  are  computed  prior  to 
the  establishment  of  new  trees.  Although  presently  ESTAB  does  not  include  ef- 
fects of  shrub  development  on  the  establishment  of  new  trees,  the  computation 
sequence  has  been  set  up  in  anticipation  of  feedback  between  the  shrubs  and 
regeneration  systems.  For  now,  the  shrub-small  conifer  display  in  the  Summary 
table  may  help  the  user  examine  effects  of  shrub  competition  on  newly  estab- 
lished trees. 

Shrub  statistics  (probability  of  occurrence,  height,  cover,  biomass,  and  twig 
production)  are  not  computed  if  time  since  disturbance  exceeds  40  years.  If  the 
COVER  extension  is  used  in  conjunction  with  the  regeneration  establishment 
model,  and  stand  age  is  reset  to  a  value  less  than  40  years  using  the 
RESETAGE  keyword,  shrub  calculations  will  resume.  Also,  as  discussed  previ- 
ously, shrub  statistics  will  resume  beginning  with  the  postthin  predictions  for  a 
cycle  in  which  a  heavy  thinning  takes  place.  Canopy  cover  statistics  are  dis- 
played regardless  of  the  value  for  time  since  disturbance. 

KEYWORD  DESCRIPTIONS 

The  keyword  system  used  in  the  COVER  extension  is  similar  to  that  used  for 
the  Prognosis  Model.  Presently,  13  keywords  are  used  to  invoke  the  CANOPY 
or  SHRUBS  options,  supply  needed  information  to  the  extension,  or  modify  its 
output.  The  position  of  these  cards  in  the  Prognosis  Model  deck  is  unimportant 
except  that  they  should  be  in  a  group  beginning  with  the  COVER  keyword  and 
ending  with  the  END  keyword.  Like  all  other  keywords,  they  must  precede  the 
PROCESS  card.  Formatting  of  keyword  records  follows  the  scheme  used  for  all 
other  Prognosis  Model  keywords.  Columns  1  to  10  are  reserved  for  the  keyword 
itself,  followed  by  seven  parameter  fields  of  10  columns  each.  Numeric  data 
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Calling  the 
Extension 


should  be  right-justified  within  the  parameter  field,  or  include  a  decimal  point. 
Three  of  the  keyword  records  in  the  SHRUBS  option  are  followed  by  supple- 
mental data  records.  The  END  record  signifies  the  end  of  keywords  for  the  ex- 
tension and  returns  control  to  the  main  program.  The  appendix  summarizes 
keyword  records  available  in  the  COVER  option. 

COVER  Keyword 

The  COVER  keyword  record  signifies  the  beginning  of  keywords  for  the 
extension.  It  has  two  parameter  fields. 
COVER      field  1:  Cycle  number  in  which  COVER  calculations 

begin;  default  =  beginning  of  projection.  COVER 
calculations  will  be  performed  in  all  cycles  subsequent  to  the 
specified  one. 
field  2:  Dataset  reference  number  for  COVER  output; 
default  =  18. 


Overstory  Options 


CANOPY  Keyword 

The  CANOPY  keyword  invokes  the  crown  cover  options  of  the  extension, 
which  compute  crown  width,  shape,  and  foliage  biomass  for  each  tree  record, 
and  tree  cover  summary  statistics  for  the  stand.  It  has  no  parameter  fields 
associated  with  it. 


Understory  Options 


SHRUBS  Keyword 

The  SHRUBS  keyword  tells  the  program  to  compute  shrub  statistics.  It  has 
four  parameter  fields. 
SHRUBS      field  1:  Time  in  years  since  stand  disturbance;  default  = 

stand  age.  If  stand  age  is  not  supplied,  default  =  3  years, 
field  2:  Habitat  type  code  selected  for  processing  shrub  options. 

Table  2  lists  habitat  types  for  which  shrub  predictions  are 

made;  default  =  stand  habitat  type  code, 
field  3:  Physiographic  type  code.  1  =  bottom,  2  =  lower  slope,  3  = 

midslope,  4  =  upper  slope,  5  =  ridge;  default  =  2. 
field  4:  Disturbance  type  code.  1  =  none,  2  =  mechanical,  3  = 

burn,  4  =  road;  default  =  1. 
As  indicated,  each  of  the  SHRUBS  keyword  parameters  has  a  default  value 
in  the  event  that  no  value  is  supplied  by  the  user.  The  value  entered  for  time 
since  disturbance  should  be  the  number  of  years  since  the  stand  was  entered 
for  harvest  or  site  preparation.  Time  since  disturbance  will  be  set  to  stand  age 
entered  on  the  STDINFO  keyword  record  if  the  user  fails  to  supply  a  value  on 
the  SHRUBS  keyword,  and  will  be  incremented  by  the  length  of  each  projec- 
tion cycle.  Although  stand  age  is  not  used  by  the  Prognosis  Model  to  calculate 
tree  growth,  time  since  disturbance  is  a  significant  predictor  of  shrub  develop- 
ment. As  noted  previously,  shrub  calculations  are  performed  only  if  the  current 
value  of  time  since  disturbance  is  between  3  and  40  years.  Three  situations 
may  occur  to  reset  time  since  disturbance.  First,  if  a  value  less  than  3  years  is 
entered  (or  if  the  age  fields  on  both  the  SHRUBS  and  STDINFO  keywords  are 
left  blank),  initial  time  since  disturbance  will  be  set  to  3  years.  Second,  if  a 
scheduled  thinning  causes  canopy  closure  to  fall  below  50  percent,  and  if  the 
volume  removed  is  20  percent  or  more  of  the  volume  before  thinning,  then  dis- 
turbance time  is  reset  to  3  years.  Finally,  if  the  Regeneration  Establishment 
Model  is  being  used,  and  stand  age  is  reset  to  a  value  less  than  40  years  using 
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Table  2.  — Valid  habitat  type  codes  for  the  SHRUBS  option  (from  Pfister  and  others  1977; 
Steele  and  others  1981) 


Abbreviations 


Codes 


Habitat  types  and  phases 


PSME/AGSP 

210 

PSfVlE/FEID 

220 

PSME/PHMA 

260 

PSME/SYAL 

310 

PSME/CARU 

320 

PSME/CAGE 

330 

PSME/SPBE 

340 

PSfVlE/SYOR 

380 

PSME/ACGL 

390 

PSME/BERE 

395 

ABGR/SPBE 

505 

ABGR/XETE 

510 

ABGR/COOC 

511 

ABGR/VAGL 

515 

ABGR/CLUN 

520 

ABGR/ACGL 

525 

ABGR/LIBO 

590 

THPL/CLUN 

530 

THPL/ATFI 

540 

THPL/OPHO 

550 

TSHE/CLUN 

570 

ABLA/CLUN 

620 

ABLA/STAM 

635 

ABLA/ACGL 

645 

ABLA/CACA 

650 

ABLA/MEFE 

670 

ABLA/XETE 

690 

ABLA/SPBE 

705 

TSME/XETE 

710 

ABLA/VAGL 

720 

ABLA/VAGL 

721 

ABLA/VASC 

730 

ABLA/CAGE 

790 

ABLA/LUHI 

830 

Pseudotsuga  menziesli  series 

Pseudotsuga  menziesii/Agropyron  spicatum 
Pseudotsuga  menziesil/Festuca  idahoensis 
Pseudotsuga  menziesii/Ptiysocarpus  malvaceus 
Pseudotsuga  menziesii/Symphoricarpos  albus 
Pseudotsuga  menziesii/Calamagrostis  rubescens 
Pseudotsuga  menziesii/Carex  geyeri 
Pseudotsuga  menziesii/Spiraea  betulifolia 
Pseudotsuga  menziesii/Symphoricarpos  oreophilus 
Pseudotsuga  menziesii/Acer  glabrum 
Pseudotsuga  menziesii/Berberis  repens 

Abies  grandis  series 

Abies  grandis/Spiraea  betulifolia 
Abies  grandis/Xerophyllum  tenax 
Abies  grandis/Coptis  occidentalis 
Abies  grandis/Vaccinium  globulare 
Abies  grandis/Clintonia  uniflora 
Abies  grandls/Acer  glabrum 
Abies  grandis/Linnaea  borealis 

Thuja  plicata  series 

Thuja  plicata/Clintonia  uniflora 
Thuja  plicata/Athyrium  filix-femina 
Thuja  plicata/Oplopanax  horridum 

Tsuga  heterophylla  series 

Tsuga  heterophylla/Clintonia  uniflora 
Abies  lasiocarpa  series 

Abies  lasiocarpa/Clintonia  uniflora 

Abies  lasiocarpa/Streptopus  amplexifolius 

Abies  lasiocarpa/Acer  glabrum 

Abies  lasiocarpa/Calamagrostis  canadensis 

Abies  lasiocarpa/Menziesia  ferruginea 

Abies  lasiocarpa/Xerophyllum  tenax 

Abies  lasiocarpa/Spiraea  betulifolia 

Tsuga  mertensiana/Xerophyllum  tenax 

Abies  lasiocarpa/Vaccinium  globulare 

Abies  lasiocarpa/Vaccinium  globulare.  Vaccinium 

scoparium  phase 
Abies  lasiocarpa/Vaccinium  scoparium 
Abies  lasiocarpa/Carex  geyeri 

Abies  lasiocarpa/Luzula  hitchcockii 


the  RESETAGE  keyword,  time  since  disturbance  will  also  be  reset  to  the  same 
value. 

Shrub  statistics  will  be  computed  only  if  a  valid  habitat  type  code  is  encoun- 
tered. Even  if  a  code  other  than  those  listed  in  table  2  has  been  entered  for  the 
stand  on  the  STDINFO  record,  the  user  may  supply  a  separate  habitat  code 
that  affects  only  the  SHRUBS  option.  Thus  shrub  predictions  may  be  made  (at 
the  user's  discretion)  by  substituting  a  similar  valid  habitat  type  code.  Allow- 
ing predictions  to  be  made  for  similar  habitat  types  assumes  that,  even  though 
habitat  type  classification  is  based  on  unique  potential  climax  vegetation,  serai 
community  development  may  not  be  unique  and  similar  habitat  types  may 
respond  with  fairly  similar  shrub  communities  in  the  first  40  years  following 
disturbance.  If  a  substitute  habitat  type  code  is  used,  the  program  writes  a 
cautionary  message  to  that  effect. 
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Shrub  Calibration  If  shrub  information  has  been  recorded  in  the  inventory,  it  may  be  used  to 

Options  adjust  the  embedded  models  to  reflect  unique  variations  in  site  and  environ- 

ment. Shrub  height,  cover,  and  occurrence  models  may  be  calibrated  using 
either  of  two  types  of  data  collected  according  to  Region  1  Stand  Examination 
Procedures  (USDA  1983).  The  two  methods  are  to  measure  the  height  and  aver- 
age cover  of  up  to  three  distinct  shrub  layers  in  the  stand,  or  alternatively  to 
measure  the  height  and  cover  of  individual  species.  When  real  shrub  measure- 
ments are  provided  to  the  model,  the  information  is  used  to  scale  predictions  to 
match  observed  values.  The  scaling  factors  are  computed  only  once,  at  the 
start  of  the  first  cycle,  and  are  applied  to  the  predictions  for  all  cycles  until  a 
simulated  thinning  occurs.  Because  the  course  of  shrub  development  may  be 
expected  to  be  altered  following  a  thinning,  the  original  information  input  for 
calibration  may  no  longer  be  appropriate.  Thus,  once  a  thinning  occurs,  all  cali- 
bration ceases  and  shrub  predictions  are  no  longer  multiplied  by  the  scaling 
factors. 

SHRBLAYR  Keyword 

This  keyword  is  one  of  two  possible  methods  for  providing  field  data  with 
which  to  calibrate  the  shrub  predictions.  The  SHRBLAYR  keyword  record  con- 
tains six  fields  of  10  columns  each  for  recording  average  height  and  percentage 
of  ground  cover  value  for  each  distinct  shrub  layer  (up  to  three  layers)  in  the 
understory.  There  is  no  inherent  height  or  percentage  of  cover  ranking  of  the 
layers;  they  may  be  entered  in  any  order.  The  information  is  coded  according  to 
the  following  format: 

SHRBLAYR     field  1:  average  height  of  shrub  layer  1,  in  feet 
field  2:  percentage  of  cover  of  shrub  layer  1 
field  3:  average  height  of  shrub  layer  2,  in  feet 
field  4:  percentage  of  cover  of  shrub  layer  2 
field  5:  average  height  of  shrub  layer  3.  in  feet 
field  6:  percentage  of  cover  of  shrub  layer  3 
The  SHRBLAYR  method  of  calibration  sorts  the  shrub  species  by  un- 
calibrated  predicted  height  at  the  beginning  of  the  projection.  Progressing 
down  through  the  species  list  from  predicted  tallest  to  shortest,  the  individual 
uncalibrated  shrub  cover  predictions,  weighted  by  probability  of  occurrence,  are 
summed.  When  the  sum  of  cover  accounts  for  the  same  proportion  as  entered 
for  the  tallest  shrub  layer  on  the  SHRBLAYR  card,  the  summing  ceases,  and 
those  species  are  grouped  into  a  class.  The  process  is  repeated  for  each  input 
layer.  Once  the  classes  are  dehneated,  average  predicted  height  and  total  cover 
for  each  layer  are  computed  and  compared  to  the  entered  values  for  the  layers. 
Scaling  factors  are  computed  that  adjust  the  predicted  values  to  match  the 
input  calibration  values.  The  scaling  factors  are  applied  individually  to  the 
cover  and  height  predictions  of  each  species  within  delineated  classes. 

The  calibration  values  entered  on  the  SHRBLAYR  card  and  the  computed 
scaling  factors  are  displayed  in  the  Shrub  Model  Calibration  Statistics  display 
(fig.  6).  This  display  is  printed  immediately  preceding  the  Shrub  Statistics  dis- 
play if  calibration  is  specified. 
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STAND    ID:       52448112 


STAND  GROWTH  PROGNOSIS  SYSTFM  VERSION  5.0  --  INLAND  EMPIRE 

MANAGEMENT  GODE:   NONE      PROGNOSIS  WITH  COVER  EXTENSION  -  SHRUB  LAYER  CALIBRATION 


SHRUB  MODEL  CALIBRATION  STATISTICS 


CALIBRATION  BY  SHRUB  LAYER  ( SHRBLAYR  KEYWORD  CARD) 
AVERAGE  HEIGHT  ( FEET) 


AVERAGE  PERCENT  COVER 
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Figure  6.— Shrub  model  calibration  by  shrub  layer,  performed  when 

the  following  keyword  records 

are  specified: 

COVER 

SHRUBS 

2  0 

0 

5  70,0 

3  ,  0 

SHRBLAYR 

1 

0 

20.0 

3  .  0 

20     0                         6.0 

END 

10.0 


SHRUBPC  and  SHRUBHT  Keywords 

The  SHRUBPC  and  SHRUBHT  keywords  are  used  to  supply  calibration  in- 
formation in  instances  where  cover  and/or  average  height  measurements  have 
been  gathered  for  some  or  all  of  the  individual  species. 

The  format  for  the  two  keywords  is  identical,  each  requiring  up  to  five  cards 
for  its  input.  The  leading  card  has  just  the  keyword  entered  on  it.  Following 
are  up  to  four  supplemental  data  records  containing  eight  fields  of  10  columns 
each.  The  first  four  columns  of  each  field  are  used  to  identify  the  shrub  species, 
using  the  abbreviations  given  in  table  1.  The  remaining  six  columns  are  used  to 
enter  the  corresponding  percentage  of  cover  for  the  SHRUBPC  keyword  or 
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height  in  feet  for  the  SHRUBHT  keyword.  For  example,  to  enter  a  50  percent 
cover  statistic  for  Rocky  Mountain  maple,  the  field  would  appear  as: 

ACGL 5.0_^0 

If  no  data  were  collected  for  a  given  species,  there  should  be  no  entry  for  that 
species.  If  the  species  was  included  in  the  field  survey  but  did  not  occur  in  the 
stand,  it  would  be  entered  in  the  following  manner: 

ACGL 0^0. 

Shrub  species  may  be  in  any  order  on  the  supplemental  records.  Enter 
"  —  999"  in  the  shrub  code  field  following  the  last  shrub  entry  to  signify  the  end 
of  the  SHRUBPC  (or  SHRUBHT)  data. 


STAND  10:   S2((8112 


STAND  GROWTH  PROGNOSIS  SYSTEM  VERSION  3.0  --  INLAND  EMPIRE 

MANAGEMENT  CODE:   NONE      PROGNOSIS  WITH  COVER  EXTENSION  -  SHRUB  SPECIES  CALIBRATION 


SHRUB  MODEL  CALIBRATION  STATISTICS 


h 


CALIBRATION  BY  INDIVIDUAL  SPECIES  (SHRUBHT  AND/OR  SHRUBPC  KEYWORD  CARDS): 

SHRUB  HEIGHT  (FEET)  PERCENT  COVER 
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Figure  7.— Shrub  model  calibration  by  species,  performed  when  the  followmg  keyword  records 
are  specified: 


COVER 

SHRUBS 
SHRUBHT 
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The  SHRUBPC  and  SHRUBHT  keywords  do  not  both  have  to  be  present  in 
a  given  projection,  although  it  is  desirable.  If  only  one  of  the  keywords  is  pres- 
ent, only  that  portion  of  the  cahbration  will  be  performed.  The  SHRBLAYR 
keyword  should  not  be  included  when  using  the  SHRUBPC  and/or  SHRUBHT 
keywords. 

The  data  supplied  on  the  SHRUBPC  and  SHRUBHT  keyword  cards  are  used 
to  adjust  probability  of  occurrence,  height,  and  cover  predictions  for  individual 
shrub  species.  Scaling  factors  are  computed  for  each  species  as  the  ratio  of  ac- 
tual to  predicted  height  and  cover  at  the  start  of  the  projection.  Any  species 
recorded  as  absent  is  given  a  zero  probability  of  occurrence.  In  each  cycle, 
these  scaling  factors  are  applied  to  the  appropriate  species  and  prediction.  Scal- 
ing factors  are  ignored  after  the  first  simulated  thinning. 

Height  and  cover  calibration  factors  by  species  are  output  in  the  Shrub 
Model  Cahbration  Statistics  Display  (fig.  7). 

There  are  seven  additional  keywords  in  the  COVER  extension.  The  first, 
SHOWSHRB,  is  used  to  select  up  to  six  understory  species  for  which  output 
will  always  be  displayed.  These  are  in  addition  to  the  nine  species  that  account 
for  the  most  cover.  It  requires  one  supplemental  data  record  containing  shrub 
species  codes  (table  1)  in  six  fields  of  10  columns  each.  The  four-character  codes 
must  be  right-justified  within  the  fields. 
Card  1:  SHOWSHRB 
Card  2:  Cols.  1  —  10:  abbreviation  for  first  species 


Cols.  51—60:  abbreviation  for  last  species 
Three  keywords  are  used  to  turn  off  printing  of  the  displays: 
NOCOVOUT     Suppress  output  of  Canopy  Cover  Statistics  display; 

default  =  table  printed. 
NOSHBOUT     Suppress  output  of  the  Shrub  Statistics  display; 

default  =  table  printed. 
NOSUMOUT    Suppress  output  of  the  Canopy  and  Shrubs  Summary  display; 
default  =  table  printed. 
The  final  three  keywords  are  used  to  request  information  about  the  program, 
print  intermediate  debug  information,  and  to  signify  the  end  of  the  COVER 
options: 
DATELIST    Print  date  of  last  revision  of  COVER  model  subprograms 

and  common  areas. 
DEBUG  Request  printout  of  the  results  of  most  calculations  for 

all  tree  and  shrub  records  (caution:  voluminous  output!). 
field  1:  Cycle  number  in  which  debug  output  is  to  be  printed; 
default  =  output  printed  in  all  cycles. 
END  Signify  the  end  of  COVER  keywords  and  return  control 

to  the  main  program. 
The  COVER  keywords  for  the  example  stand  are  echoed  in  the  Prognosis 
Model  Input  Summary  table  (fig.  8). 
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CANOPY 
Submodels 


OVERVIEW  OF  THE  COVER  SUBMODELS 

Crown  Width  and  Stand  Canopy  Closure.— COVER  predicts  crown  develop- 
ment for  the  11  conifer  species  listed  in  table  3.  Logarithmic  regression  equa- 
tions are  used  to  predict  individual  tree  crown  width  from  species,  d.b.h., 
height,  and  crown  length  for  trees  3.5  inches  d.b.h.  and  larger.  For  trees  less 
than  3.5  inches  d.b.h.,  crown  width  is  a  function  of  species,  height,  crown 
length,  and  stand  basal  area  (Moeur  1981).  Coefficient  values  for  the  crown 
width  models  for  large  and  small  trees  are  shown  in  tables  4  and  5, 
respectively. 

Individual  tree  crown  area  is  computed  as  the  area  of  a  circle  with  diameter 
equal  to  predicted  crown  width.  Stand  canopy  closure  is  computed  from  the 
sum  of  the  tree  crown  areas, 

L  crown  areas  (ft-7acre) 


canopy  closure 


43,560  ft2/acre 


X  100  percent. 


Table  3.— Tree  species  recognized  by  COVER 


Code 

Common  name 

Scientific  name 

WP 

Western  white  pine 

Pinus  monticola 

L 

Western  larch 

Larix  occidentalis 

DF 

Douglas-fir 

Pseudotsuga  menziesii 

GF 

Grand  fir 

Abies  grandis 

WH 

Western  hemlock 

Tsuga  heterophylla 

C 

Western  redcedar 

Thuja  plicata 

LP 

Lodgepole  pine 

Pinus  contorta 

S 

Engelmann  spruce 

Picea  engelmannii 

AF 

Subalpine  fir 

Abies  lasiocarpa 

PP 

Ponderosa  pine 

Pinus  ponderosa 

Other 

Whitebari<  pine 

Pinus  albicaulis 

Table  4.— Coefficients  for  estimating  crown  width  of  trees 
3.5  inches  d.b.h.  and  larger  (Moeur  1981): 


ln(crown  width)  =  bg  +  b^ 

ln(D) 

+   b2ln(H)  + 

b3ln(CL) 

Variable  coefficients^ 

Intercept 

ln(H) 

Species^                             b;, 

b2 

WP                                       4.30800 

-1.37264 

L                                            2.31359 

-    .80919 

DF                                         3.02271 

-1.00486 

GF                                        2.20611 

-    .76936 

WH                                        1.32772 

-    .52554 

C                                           2.79784 

-    .89666 

LP                                         1.06804 

-    .55987 

S                                           3.76535 

-1.18257 

AF                                         1.74558 

-    .73972 

PP                                         1.62365 

-    .68098 

Other                               -    .91984 

-    .07299 

Variables        Variable  coefficients 

ln(D)                     bi   =    1.08137 

In(CL)                  bj  =      .29786 

'Species  codes  are  given  in  table  3, 

^Definition  of  variables; 

D  =  diameter  breast  height  (inches) 

H   =  tree  height  (ft) 

CL  =  crown  length  (ft). 
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Table  5.— Coefficients  for  estimating  crown  width  of  trees 
less  tfian  3.5  inches  (Moeur  1981): 
ln{crown  width)  =  bJn(H)  +  bjInlCL)  +  b3ln(BA) 


Varia 

ble  coefficients^ 
ln(H) 

Species^ 

bi 

WP 

0.37031 

L 

.23846 

DF 

.32874 

GF 

.38503 

WH 

.25622 

C 

.46452 

LP 

.26342 

S 

.33089 

AF 

.33722 

PP 

.36380 

Other 

.07049 

Variables 

Variable  coefficients 

ln{CL) 

b,  = 

=  0.28283 

ln{BA) 

b3- 

=     .04032 

'Species  codes  are  given  in  table  3. 
^Definition  of  variables: 

H  =  tree  height  (ft) 

CL  =  crovi/n  length  (ft) 

BA  =  stand  basal  area  (ft^/acre). 

In  the  following  discussion,  model  behavior  is  displayed  in  the  plots  of  simu- 
lation results  from  five  stands  whose  site  characteristics  are  listed  in  table  6. 
In  each  100-year  simulation,  the  stand  was  clearcut  in  period  1,  the  site  was 
prepared  by  burning,  and  a  new  tree  list  predicted  using  the  Regeneration 
Establishment  Model  (Ferguson  and  Crookston  1984).  These  "bare-ground" 
regeneration  projections  were  used  to  compare  responses  of  the  crown  relation- 
ships to  changes  in  stand  structure  and  density  through  time. 

Table  6.— Site  characteristics  of  the  stands  used  to  examine  crown  model 
behavior.  In  each  simulation,  the  stand  was  clearcut,  the  site  was 
prepared  by  burning,  and  regenerated  using  the  Regeneration 
Establishment  Model 


Code 

Stand 

Location 

Habitat  type 

Aspect 

Slope 

Elevation 

Percent 

Feet 

E 

S248112 

St.  Joe 

570  (TSHE/CLUN) 

NW 

30 

3,400 

W 

Weippe 

Clearwater 

530(THPL/CLUN) 

NW 

20 

4,000 

C 

Cranberry 

Clearwater 

530  (THPL/CLUN) 

S 

10 

3,000 

G 

Grouse 

Clearwater 

520  (ABGR/CLUN) 

N 

10 

3,100 

S 

Silver 

Clearwater 

520  (ABGR/CLUN) 

S 

20 

3,000 

Canopy  closure  follows  an  increasing  sigmoidal  pattern  over  time  on  regener- 
ated stands  (fig.  9).  Cover  increases  fairly  rapidly  between  0  and  20  years,  as 
the  first  and  second  waves  of  regeneration  produced  by  the  establishment 
model  enter  the  tree  hst.  Then,  even  though  numbers  of  trees  start  to  decline 
beyond  20  years,  canopy  closure  increases  as  individual  tree  crown  width  con- 
tinues to  expand.  In  the  stands  where  canopy  closure  reaches  100  percent  and 
greater,  crown  cover  peaks  and  then  declines  beyond  about  50  years  in  the 
projection  (stands  E,  W,  and  G).  Canopy  closure  is  incomplete  on  the  stands 
where  establishment  is  poor  (C  and  S).  Here,  crown  cover  levels  off  about  70 
years  after  regeneration,  rather  than  peaking  and  declining. 
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BARE-OROUND  PROJECTIONS  ON  USER'S  MANUAL  EXAMPLE  STANDS.  TABLE  < 
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Figure  9.— Crown  cover  predictions  for  the  regener- 
ated stands  in  table  6:  (a)  predicted  trees  per  acre 
versus  time:  (b)  canopy  closure  versus  time;  (c)  aver- 
age tree  crown  width  versus  time. 
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In  stands  where  initial  densities  exceed  about  400  trees  per  acre  (E,  W,  G), 
average  crown  width  increases  continually  through  time  as  the  number  of  trees 
in  the  stand  decreases.  Presumably,  this  is  related  to  the  amount  of  mortality 
and  to  the  types  of  trees  that  are  dying.  As  number  of  trees  decreases,  crown 
width  on  surviving  trees  continues  to  increase  through  time.  In  addition,  more 
of  the  mortality  in  the  older  stands  is  accounted  for  by  suppressed  trees  in  the 
understory,  leaving  trees  with  relatively  more  vigorous  crowns.  Below  initial 
densities  of  400  trees  per  acre,  there  is  little  relationship  between  individual 
tree  crown  width  and  number  of  trees,  or  between  percentage  of  cover  and 
trees.  Crown  width  increases  throughout  the  length  of  the  projection  in  the 
understocked  stands,  even  though  tree  numbers  remain  relatively  constant,  in- 
dicating that  stand  density  is  not  great  enough  to  be  limiting  to  individual 
crown  development.  Under  apparent  lack  of  competition  for  space,  the  tree 
crowns  in  stands  C  and  S  are  free  to  expand.  In  general,  the  model  predicts 
that  crowns  will  be  wider  in  stands  that  start  out  with  more  open  conditions. 

Figure  10  shows  the  relationship  of  overstory  cover  to  stand  basal  area  and 
the  effect  of  competition  between  crowns.  Canopy  closure  is  monotonically  in- 
creasing with  increasing  basal  area  in  all  stands.  Canopy  closure  attains  a  max- 
imum and  then  declines  in  the  fully  stocked  stands,  which  reach  maximum 
basal  area  and  then  level  off  (E,  W,  and  G).  Canopy  closure  levels  off  but  does 
not  begin  to  decline  on  stands  that  do  not  reach  maximum  basal  area  within 
the  time  frame  of  the  projection  (C  and  S).  For  a  given  basal  area  level,  crown 
width  is  greater  in  the  more  open  stands,  this  difference  increasing  throughout 
the  projection. 


BARE-GROUND  PROJECTIONS  ON  USER'S  MANUAL  EXAMPLE  STANDS.  TABLE  6 
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Figure  10.— (a)  Stand  basal  area  over  time:  (b) 
predicted  canopy  closure  versus  basal  area;  (c)  aver- 
age tree  crown  width  versus  basal  area  for  the 
regenerated  stands  in  table  6. 
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Fig  10.— (Con.) 
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Crown  Foliage  Biomass.— Foliage  biomass  is  predicted  for  individual  trees 
using  logarithmic  linear  regression  equations  (Moeur  1981).  As  in  the  crown 
width  functions,  there  are  different  equation  forms  for  trees  less  than  3.5  inches 
d.b.h  and  those  3.5  inches  d.b.h.  and  larger.  The  equations  predict  foliage  bio- 
mass from  species,  d.b.h.,  change  in  squared  diameter,  height,  crown  length, 
trees  per  acre,  and  relative  diameter  (d.b.h./quadratic  mean  stand  diameter)  for 
large  trees,  and  from  species,  height,  crown  length,  and  trees  per  acre  for  small 
trees.  Coefficients  for  the  models  are  listed  in  tables  7  and  8. 

Table  7.— Coefficients  for  estimating  foliage  biomass  of  trees 
3.5  incfies  and  larger  {Moeur  1981):  In(biomass)  = 
bg  +  b,ln(D)  +  bjIniH)  +  bjInlCL)  +  bJn(DDS)  + 
bglnlTPA)  -  beln(DREL) 


Vari 

able  coefficients^ 
Intercept 

Species^ 

bo 

WP 

2.66607 

L 

1.75654 

DF 

2.70587 

GF 

3.11508 

WH 

2.65457 

C 

3.05935 

S 

3.30085 

AF 

3.06017 

PR 

2.45249 

Other 

2.62251 

Variables 

Varia 

ble  coefficients 

ln{D) 

bi 

=   1.468547 

ln(H) 

bs 

=   1.07705 

In(CL) 

^3 

=     .69082 

In(DDS) 

^4 

=     .30885 

ln{TPA) 

^5 

=     .14210 

In(DREL) 

be 

=     .39924 

^Species  codes  are  given  in  table  3. 
^Definition  of  variables; 

D  =  dianneter  breast  hieight  (inches) 

H  =  tree  tieigtit  (ft) 

CL  =  crown  lengtti  (ft) 

DDS  =  ctiange  in  squared  diameter  ( 

TPA  =  trees  per  acre 

OREL  =  d.b. hi/quadratic  mean  db.ti. 
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Table  8.— Coefficients  for  estimating  foliage  biomass  of  trees 
less  tfian  3.5  incfies  d.b.h.  (fVloPur  1981): 


In(biomass) 


bo  +  b,  ln(H)  +  bjInlCL)  +  bjIniTPA) 


Variable  coefficients^ 

Intercept 

In(CL) 

Species^ 

bo 

b2 

WP 

-1.94951 

1.22023 

L 

-4.73762 

1.98479 

DF 

-2.05828 

1.25837 

GF 

-2.43200 

1.60270 

WH 

-4.17456 

2.00749 

C 

-2.24876 

1.37600 

LP 

-3.13488 

1.62368 

S 

-2.93508 

1.96125 

AF 

-1.60998 

1.32649 

PR 

-2.74410 

1.58171 

Other 

-1.63387 

1.35092 

Variables 

Varia 

ble  coefficients 

ln(H) 

bi 

=  0.40350 

In(TPA) 

ba 

=     .12975 

'Species  codes  are  given  in  table  3. 
^Definition  of  variables: 

H  =  tree  tieigtit  (ft) 

CL  =  crown  lengtti  (ft) 

TPA  =  trees  per  acre. 

In  general,  the  response  patterns  of  total  stand  foliage  biomass  to  trees  per 
acre  and  basal  area  over  time  are  similar  to  those  for  canopy  closure  (fig.  11). 
Total  foliage  is  greater  in  the  stands  starting  out  with  higher  initial  densities, 
peaking  at  50  to  60  years,  and  then  declining  (stands  E,  W,  and  G).  Stand  foli- 
age does  not  decline  as  sharply  as  does  percentage  of  canopy  closure  near  the 
end  of  the  projection.  Stands  with  low  initial  densities  show  gradually  increas- 
ing values  of  foliage  throughout  the  projection  (C  and  S).  Foliage  production 
also  depends  on  the  species  composition  of  the  mature  stands.  Stands  W  and  C 
have  higher  proportions  of  mature  trees  in  grand  fir,  cedar,  and  Douglas-fir. 
These  three  species  have  greater  predicted  foliage  values  for  a  given  set  of 
stand  conditions.  Individual  tree  foliage  development  patterns  through  time  are 
quite  similar  to  those  discussed  for  crown  width. 
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BARE-GROUND  PROJECTIONS  ON  USER'S  MANUAL  EXAMPLE  STANDS.  TABLE  6 
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Figure  11.— (a)  Predicted  stand  foliage  and  (b)  tree  foliage  versus  time:  (c)  stand  foliage  and 
(d)  tree  foliage  versus  stand  basal  area  for  ttie  regenerated  stands  in  table  6. 
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Crown  Shape.— Individual  tree  crown  shape  is  predicted  each  projection  cycle 
using  a  linear  discriminant  function  (Moeur  1983).  Tree  crowns  are  classified 
into  one  of  five  shapes— circular,  triangular,  neiloid,  parabolic,  or  elliptic— using 
species,  height,  d.b.h.,  crown  length,  crown  radius,  crown  ratio,  and  trees  per 
acre  as  discriminating  variables.  All  tree  crowns  are  assumed  to  have  a  circular 
bottom  (fig.  12). 

Crown  shape  is  used  in  three  places  in  COVER.  First,  crown  volume  within 
vertical  height  classes  in  the  stand  is  computed  by  summing  sections  of  in- 
dividual crowns,  using  formulas  to  integrate  the  five  different  solids  of  revolu- 
tion in  figure  12.  Second,  crown  profile  area  within  height  classes  is  computed 
by  summing  the  lateral  area  of  individual  crown  sections  (fig.  3b).  Finally,  tree 
foliage  biomass  is  distributed  within  height  classes  by  the  proportion  of 
frustum  volume  within  height  classes  to  total  crown  volume.  An  inner  sene- 
scent cone  is  not  considered;  that  is,  foliage  is  assumed  to  be  distributed  uni- 
formly throughout  the  crown. 
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Figure  12.— Individual  crowns  are  classified  into  one  of  five  shapes  in  the  CANOPY 
option  (after  l\/\awson  and  others  1976). 
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SHRUBS 
Submodels 


The  equations  for  predicting  understory  species  relationships  have  been 
synthesized  from  the  work  of  different  people  at  different  times.  An  early 
version  of  the  SHRUBS  extension,  known  as  BROWSE  (Scharosch  1980), 
incorporated  studies  on  shrub  development  in  grand  fir,  cedar,  and  hemlock 
habitat  types  conducted  by  Irwin  and  Peek  (1979).  In  Prognosis  5.0,  these 
relationships  have  been  replaced  by  probability  of  occurrence  equations  for 
individual  understory  species  developed  by  Scharosch  (1984),  and  height  and 
cover  equations  developed  by  Laursen  (1984).  Irwin  and  Peek's  work  was  based 
on  a  subset  (about  2,200  plots)  of  the  data  used  by  Laursen  (1984)  and 
Scharosch  (1984).  The  expanded  data  (about  10,000  plots  located  in  about  500 
stands)  include  measurements  from  Douglas-fir  and  subalpine  fir  ecosystems  as 
well  as  the  original  grand  fir-cedar-hemlock  types.  Table  1  lists  the  species, 
range  of  habitat  types,  and  sources  of  information  for  which  predictions  are 
currently  made. 

Inside  the  COVER  program,  the  probability  of  any  shrub  cover  on  the  site, 
and  total  shrub  cover  given  that  the  probability  is  greater  than  zero,  are 
predicted  first.  Then,  probability  of  occurrence  is  calculated  for  each  species 
individually  using  total  shrub  cover  as  a  predictor.  Next,  heights  are  predicted 
for  each  species,  also  using  total  shrub  cover.  The  species  are  sorted  in  order 
from  tallest  to  shortest  predicted  height.  Then,  progressing  down  through  the 
sorted  list,  individual  species  cover  is  calculated  using  predicted  species  height 
and  the  amount  of  overtopping  cover.  Species  cover  is  weighted  by  species 
probability  of  occurrence.  Finally,  the  cover  values  are  summed  and  reported  as 
total  understory  cover  for  the  plot. 

Total  Shrub  Cover.— Predictions  for  probability  of  any  shrubs,  and  for  total 
shrub  cover,  conditional  on  probability,  are  taken  from  Laursen  (1984).  The 
probability  that  shrub  cover  exists  given  the  described  stand  conditions  is 
calculated  and  reported  in  the  summary  display.  This  value  expresses  the 
proportion  of  1/300-acre  plots  on  which  shrub  cover  is  expected  to  be  greater 
than  zero.  It  is  computed  from  a  logistic  regression  model  using  slope, 
elevation,  overstory  basal  area,  habitat  type,  time  since  disturbance,  and  the 
interaction  of  time  since  disturbance  and  basal  area.  Next,  total  shrub  cover  is 
predicted  using  a  lognormal  linear  regression  model  fit  on  plots  in  the  original 
data  where  cover  was  actually  present.  Additional  variables  in  this  model  are 
type  of  disturbance  and  the  time  and  type  of  disturbance  interaction.  Total 
shrub  cover  predicted  by  Laursen 's  model  for  three  hypothetical  treatments  is 
shown  in  figure  13. 
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Figure  13.— Predicted  total  percent  shrub 
cover  relative  to  time  since  disturbance  and 
overstory  basal  area  following  (a)  no  site 
preparation,  (b)  mechanical  disturbance,  and 
(c)  burning.  Variables  held  constant  are  slope 
=  0.25.  elevation  =3,500  ft,  habitat  type  = 
ABGR/CLUN  (from  Laursen  1984). 
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Table  9.— Variables  used  to  predict  probability  of  occurrence,  heigtit,  and  per- 
centage of  cover  for  the  shrub  species  listed  in  table  1 


Continuous  variables 


Overstory  basal  area  (ft^/acre) 

Stand  elevation  (100's  of  feet) 

Elevation  squared  {10,000's  of  feet) 

Total  percent  shrub  cover 

Slope  (percent/100) 

Slope  X  sin(aspect) 

Slope  X  cos(aspect) 

Time  since  site  disturbance  (years) 

Overstory  basal  area  x  time  since  disturbance 


Categorical  variables 


Overstory  climax  species  (includes  habitat  type):^ 

Douglas-fir  (210,  220,  260,  310,  320.  330,  340,  380,  390.  395) 

Grand  fir  (505,  510.  511,  515.  520,  525,  590) 

Western  redcedar  (530,  540,  550) 

Western  hemlock  (570) 

Subalpine  fir/mountain  hemlock  (620,  635,  645,  650,  670,  690,  705,  710, 
720,  721,  730,  790,  830) 
Understory  climax  union  (includes  habitat  type):^ 

ABGR/CLUN,  COOC,  XETE,  LIBO.  ABLA/STAM,  ABLA/LUHI  (510,  511,  520,  590. 
635.  690,  710,  830) 

THPL  series  (530,  540.  550) 

Tall  shrub  (260,  390,  515,  525,  645,  670,  720.  721,  730) 

Low  shrub  (310,  340,  380,  395,  505,  705) 

TSHE/CLUN,  ABLA/CLUN  (570,  620) 

Grasses  (210,  220,  320,  330,  650,  790) 
National  Forest  grouping: 

Boise,  Payette 

Nezperce 

Clearwater.  Coeur  d'Alene,  Lolo,  St.  Joe 

Panhandle,  Colville,  Kaniksu.  Kootenai 
Physiography: 

Bottom 

Lower  slope 

Midslope 

Upper  slope 

Ridge 
Type  of  site  disturbance: 

None 

Mechanical 

Burn 

Road 
Type  of  disturbance  x  overstory  basal  area 
Type  of  disturbance  x  time  since  disturbance 


'See  table  2  for  hiabitat  type  code  definitions. 


Species  Probability  of  Occurrence.  — Predicted  probability  of  occurrence 
equations  for  the  species  in  table  1  are  from  Scharosch  (1984).  He  uses  a 
logistic  multiple  regression  model  to  predict  species  occurrence  from  the 
continuous  and  categorical  variables  in  table  9.  The  logistic  model  produces  a 
sigmoidal  curve  with  predicted  values  restricted  to  the  closed  interval  (0.1). 
Representative  responses  of  predicted  probability  of  occurrence  are  plotted  in 
figure  14. 
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CEVE  -  PROBABILITY  VS.  BASAL  AREA,  BY  TIME  SINCE  DISTURBANCE 

VflRIRBLES  HELD  CONSTHNTi   SHRJB  ajVERoSOX,   ELEV=MCIOO,   F1SPECT=160, 
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Figure  14  —(a)  Predicted  probability  of  occurrence  across  a  range 
of  overstory  basal  area  and  time  since  disturbance  for  Ceanothus 
velutinus;  (b)  predicted  probability  of  occurrence  by  slope  and 
aspect  for  Physocarpus  malvaceus  on  PSfvlE/PHMA  and 
ABGR/CLUN  fiabitat  types:  (c)  predicted  probability  of  occurrence 
by  disturbance  type  for  Ceanothus  sanguineus  and  Acer  glabrum 
(from  Scfiaroscfi  1984). 
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ACGL  AND  CESA  -  PROBABILITY  VS.  TIME.  BY  DISTURBANCE  TYPE 

VmiflBLES  HELD  CONSTRNTi   SHRUB  CnVER=507..   ELEV=.ilOOO,   BP.=>20, 
SL0PE=.2O.   flSPECT=22S,   HflB=WRC/CLUN.   PHTS=RIDGE.   NF=ST.JOE 
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Fig  i4.  — (Con.) 


Individual  Species  Height.— Laursen  (1984)  uses  either  linear  or  lognormal 
regression  model  forms  to  predict  the  average  heights  of  individual  species  in 
the  described  stand.  Model  forms  differ  between  species,  but  most  contain  time 
since  disturbance,  overstory  basal  area,  and  predicted  total  shrub  cover  and  its 
residual  (the  difference  between  observed  and  predicted  values  when  an  ob- 
served value  is  supplied  by  the  user)  as  independent  variables.  Various  transfor- 
mations of  the  independent  variables  in  table  9  are  included  to  represent  other 
site  and  treatment  effects.  The  equations  are  detailed  in  Laursen's  paper. 
Representative  response  patterns  of  predicted  height  over  time  and  stand  basal 
area  are  plotted  in  figure  15. 

Individual  Species  Cover.— Percentage  of  cover  by  species  follows  lognormal 
or  logistic  distributions,  conditional  on  the  presence  of  the  species  in  the  stand 
(Laursen  1984).  Cover  for  most  species  is  a  function  of  predicted  species  height 
and  its  residual  (observed  minus  predicted  when  observed  values  are  supplied), 
overtopping  by  taller  species  (the  percentage  of  predicted  cover  above  current 
height),  time  since  disturbance,  type  of  disturbance,  overstory  basal  area,  and 
site  conditions.  Representative  plots  of  the  response  of  species  cover  to  basal 
area  over  time  are  shown  in  figure  16. 

Twig  Production  and  Dormant  Season  Shrub  Biomass.— Total  current  year's 
twig  production  in  twigs  per  square  foot  and  total  dormant  season 
aboveground  shrub  biomass  in  pounds  per  acre  are  computed  only  for  the  16 
species  noted  in  table  1  and  only  on  ABGR/CLUN,  THPL/CLUN,  and 
TSHE/CLUN  habitat  types  (Irwin  and  Peek  1979).  Twig  production  is  a  log- 
linear  regression  equation  dependent  on  time  since  disturbance,  overstory 
crown  competition  factor  (CCF)  (Krajicek  and  others  1961),  and  habitat  type. 
Shrub  biomass  is  also  log-linear,  predicted  from  time  since  disturbance  and  CCF. 
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Figure  15. — Predicted  shrub  height  relatve  to  overstory  basal 
area  and  time  since  disturbance  for  (a)  Acer  glabrum.  (b) 
Ceanothus  sanguineus,  and  (c)  Vaccinium  scoparium.  Variables 
held  constant  are  slope  =0.25.  aspect  =  east,  elevation  =  3.500 
ft.  habitat  type  =  ABGR/CLUN.  physiography  =  midslope.  distur- 
bance type  =  burn,  forest  =St.  Joe  (from  Laursen  1984). 
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Figure  16.— Predicted  shrub  cover  relative  to  overstory  basal  area 
and  time  since  disturbance  for  (a)  Acer  glabrum.  (b)  Ceanothus 
sanguineus,  and  (C)  Vaccinium  scoparium.  Variables  ~r  .:  constant 
are  slope  =  0.25.  aspect  =  east  eievat'ori  =  3.5CC   .'   -jr  :at  type 
=  ABGRCLUN.  physiography        "  .\--  ,\r-   .^  .-■.  ■:rance  type  =  burn, 
forest  =  St.  Joe  (from  Laurser  ■■•-"-     . ,;  , ;  -  ~   _.■.  -  a-e  for  predicted 
cover  prior  to  multiplication  b\   ...  'c= 
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Stand  Successional  One  subprogram  within  the  COVER  extension  computes  and  displays  a 

Stage  "stand  successional  code"  that  is  related  to  the  vertical  structure  of  both 

shrubs  and  trees  (Peterson  1982).  The  purpose  of  the  classification  is  to  provide 
a  basis  for  relating  wildlife  use  to  a  particular  type  of  stand  that  now  exists,  or 
that  will  result  from  management.  The  codes  are  listed  in  table  10. 

The  classification  is  a  function  of  time  since  stand  disturbance,  crown  compe- 
tition factor  (CCF),  average  tree  height,  a  selectively  defined  "average"  stand 
diameter,  and  average  tall  shrub  height  (average  predicted  height,  weighted  by 
predicted  cover  for  Acer  glabrum,  Alnus  sinuata,  Amelanchier  alnifolia, 
Ceanothus  sanguineus,  Ceanothus  velutinus,  Cornus  stolonifera,  Holodiscus  dis- 
color, Prunus  emarginata,  Prunus  virginiana,  Salix  spp.,  Sambucus  spp.,  and 
Sorbus  spp.). 

To  compute  average  stand  diameter,  a  series  of  logical  tests  determines 
whether  the  stand  is  even-aged,  two-storied,  or  all-aged  based  on  the  distribu- 
tion of  trees  per  acre  and  percentage  of  cover  by  10-ft  height  classes.  For  even- 
aged  stands  (a  stand  in  which  90  percent  of  the  total  canopy  closure  is 
accounted  for  by  trees  within  a  30-ft  height  range),  the  root  mean  square  di- 
ameter of  the  stand  is  used  as  the  average  diameter.  For  two-storied  stands 
(the  two  most  dense  20-ft  layers  must  be  separated  by  20  ft  or  more),  the  root 
mean  square  diameter  for  the  most  dense  20-ft  layer  only  is  used  as  the  aver- 
age diameter.  For  all-aged  stands  (the  most  dense  10-ft  layer  contains  less  than 
20  percent  of  the  total  canopy  closure,  the  three  most  dense  10-ft  layers  contain 
less  than  50  percent,  etc.),  the  average  diameter  is  taken  to  be  the  root  mean 
square  diameter  of  the  three  most  dense  10-ft  layers.  The  stand  is  then  classi- 
fied according  to  the  scheme  in  table  10.  Note  that  restrictions  for  stages  1  to 
4  are  of  the  type  "CCF  less  than  30  or  average  tree  height  less  than  1  ft."  For 
stages  5  and  6,  there  is  a  "percent  shrub  cover"  or  "average  tall  shrub  height" 
restriction. 


Table  10.  — Classification  scheme  for  assigning  stand  successional  stage  code  (after  Peterson  1982) 


Tall  shrub  Tall  shrub  Tall  shrub 

Recent          Low      Medium       with  no  with  few  with  mostly  Sapling  Pole  Mature  Old-growth 

disturbance    shrub      shrub        conifers  conifers           conifers  timber  timber  timber  timber 

^°"^'<'°"                                    (1)                 (2)             (3)                 (4)                     (5)                       (6)  (7)  (8)  (9)  (10) 


Time  since  stand 

disturbance  (years)  <5 

Crown  competition  <30  <30  <30  <30  30-50  50-100  >100       >100      >125  >100 

factor  or  or  or  or 

Average  free  heigfit  <1  <i  <1  < -|  ^5  ^5 

(ft) 

Percent  shrub  cover  <25  >70  >50  >30 


Average  "tall  shrub" 

height  (ft)  <1.0  <2.5       2.5-5.0  >5.0  >5.0 

"Average"  stand 

diameter  (inches)  ^4  4.^^        ^^24  >24 


or  or 

>5.0 
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USING  THE  COVER  EXTENSION  AS  A  MANAGEMENT 
TOOL 

The  general  comments  in  this  section  are  intended  to  guide  the  user  in 
applying  information  produced  by  the  combined  Prognosis/COVER  model  in  a 
broader  planning  context.  There  is  little  specific  COVER  output  that  directly 
interprets  wildlife,  hydrologic,  or  insect  pest  relationships.  Instead,  it  is  up  to 
the  user  to  interpret  the  information  specific  to  his  or  her  application.  An 
important  criterion  in  developing  COVER  was  to  make  it  broad  enough  in 
design  for  many  applications,  but  primarily  to  link  vegetation  changes  with 
nontimber  resources.  COVER  can  be  a  useful  tool  for  decisionmaking  when 
combined  with  knowledge  of  a  specific  resource  ecology  and  its  relation  to 
vegetation  management  systems. 


Wildlife  Habitat 
Applications 


Many  of  the  shrub  and  tree  cover  development  values  produced  by  COVER 
can  be  related  to  wildlife  habitat.  An  example  stand  projection  illustrates  how 
displays  generated  from  COVER  values  can  be  used  to  compare  vegetation 
changes  and  alternative  treatment  effects  on  wildlife  habitat.  The  example 
presented  is  a  stand  that  was  inventoried  in  1984  at  145  years  of  age.  Initial 
stand  density  is  459  trees  per  acre,  composed  of  an  understory  of  Engelmann 
spruce  beneath  a  sparse  overstory  of  Douglas-fir,  western  larch,  and  grand  fir. 
The  stand  is  on  the  Nezperce  National  Forest,  ABGR/VAGL  habitat  type, 
northeast  aspect,  50  percent  slope,  at  5,800  ft  elevation.  Two  silvicultural  treat- 
ments were  simulated  and  compared.  In  the  first,  the  lower  and  upper  portions 
of  the  diameter  distribution  were  remioved  in  cycle  1,  leaving  60  Douglas-fir, 
larch,  and  spruce  trees  per  acre,  with  diameters  between  18  and  25  inches.  At 
the  end  of  the  second  cycle,  natural  regeneration  was  predicted  to  be  780  trees 
per  acre,  composed  of  60  percent  grand  fir,  25  percent  Douglas-fir,  and  15  per- 
cent spruce.  Twenty  years  after  the  initial  thin,  all  trees  greater  than  7  inches 
d.b.h.  were  removed,  and  the  regenerated  stand  was  grown  to  age  100.  This 
prescription  is  referred  to  as  "two-step  shelterwood."  The  second  prescription, 
"clearcut,"  cut  all  trees  in  the  stand  in  cycle  1.  Natural  regeneration  at  the  end 
of  the  second  10-year  cycle  was  450  trees  per  acre,  of  which  65  percent  were 
grand  fir,  30  percent  Douglas-fir,  and  5  percent  larch.  This  stand  was  then 
grown  to  age  100. 

Excellent  discussions  of  cover-forage  ratios,  hiding  cover,  and  thermal  cover 
requirements  for  deer  and  elk  are  presented  by  Thomas  and  others  (1979a). 
Thermal  cover  is  defined  to  be  any  stand  of  coniferous  trees  40  ft  or  more  tall, 
with  an  average  canopy  closure  exceeding  70  percent.  Figure  17  compares 
canopy  closure  and  tree  height  for  the  two  prescriptions.  The  shelterwood  stand 
reaches  a  top  height  of  56  ft  and  79  percent  canopy  closure  at  age  60.  Beyond 
60  years,  the  canopy  is  nearly  fully  closed,  providing  thermal  cover  throughout 
the  rest  of  the  projection.  The  clearcut  stand  supplies  less  adequate  thermal 
cover,  at  an  older  age  (80  years  and  beyond). 
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PERCENTAGE  CANOPY  CLOSURE  -  SHELTERWOOD  AND  CLEARCUT  TREATMENTS 
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MEAN  TREE  HEIGHT  (FEET)  -  SHELTERWOOD  AND  CLEARCUT  TREATMENTS 
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Figure  17.  — Thermal  cover  compared  for  shelterwood  and  clearcut 
prescriptions  for  the  wildlife  example  stand:  (a)  stand  canopy  closure 
versus  stand  age  following  initial  thinning  in  1984;  (b)  average  tree 
height  versus  stand  age. 
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Hiding  cover  (defined  by  Thomas  and  others  [1979b]  to  be  vegetation  capable 
of  hiding  90  percent  of  a  standing  adult  elk  from  view  at  a  distance  equal  to  or 
less  than  200  ft)  can  be  compared  between  alternative  treatments  by  looking  at 
shrub  cover,  crown  profile  area  in  the  first  10  ft  of  height  in  the  stand,  the  sum 
of  stem  diameters,  and  trees  per  acre  (fig.  18).  Predicted  shrub  cover  is  44  per- 
cent for  the  shelterwood  treatment  and  43  percent  for  the  clearcut  treatment 
following  the  1984  thinning.  It  increases  to  52  percent  at  age  30  in  the  clearcut 
stand.  In  the  shelterwood  stand,  shrub  density  decreases  to  31  percent  at  age 
20,  and  then  the  overstory  removal  triggers  a  second  wave  of  increasing  shrub 
cover.  By  age  40,  shrub  density  is  again  equal  in  the  two  treatments,  at  about 
45  percent  cover. 

In  general,  hiding  cover  in  stems  and  tree  crowns  is  greater  in  the  shelter- 
wood  treatment,  primarily  because  regeneration  is  more  successful.  In  both 
treatments,  area  in  crowns  in  the  lower  10  ft  of  the  stand  begins  at  nothing  at 
stand  age  0  and  increases  to  a  maximum  at  about  30  or  40  years.  After  40 
years,  the  lower  canopy  level  begins  to  grow  above  the  height  where  it  can  be 
considered  effective  hiding  cover.  Beyond  60  years,  stem  area  contributes  more 
to  hiding  cover,  and  crown  profile  area  contributes  less. 

Figure  19  illustrates  how  canopy  development  predicted  by  COVER  may  be 
displayed  graphically  through  time.  The  vertical  distribution  of  crown  profile 
area  is  shown  for  the  two  prescriptions  immediately  before  thinning  in  1984, 
and  at  several  points  in  time  following  harvest.  Similar  stand  profiles  could  be 
drawn  to  represent  numbers  of  trees,  percentage  of  canopy  closure,  crown  vol- 
ume, or  foliage  density  by  height.  These  values  may  be  useful  in  relating  bird 
habitats  to  the  structure  of  vegetation  (for  example,  see  Langelier  and  Garton 
in  press  b;  Peterson  1982)  or  the  "life  form"  association  with  stand  successional 
stage  proposed  by  Thomas  and  others  (1979b). 

The  wildlife  example  presented  here  shows  how  stem  area,  crown  profile  area, 
and  related  values  can  be  interpreted  as  thermal  and  security  cover  for  big 
game.  Foliage-height  profiles  and  crown  volumes  by  height  classes  are  also  use- 
ful statistics  in  analyzing  bird  habitat  relationships.  The  interpretation  of 
canopy  and  shrub  height  and  density  into  wildlife  cover  is  hypothetical  for  the 
example  presented  and,  of  course,  depends  on  knowledge  of  actual  stand 
conditions. 

Vegetation  management  for  wildlife  use  requires  interdisciplinary  knowledge 
of  the  interactions  of  vegetation,  site  and  topographic  conditions,  silvicultural 
options,  and  road  and  harvest  operations.  The  combined  Prognosis/COVER 
model  can  provide  information  about  the  condition  of  the  vegetation,  including 
species  composition,  size,  and  distribution  of  both  the  overstory  and  under- 
story.  Thomas  (1979)  points  out  that  habitat  use  does  not  follow  some  arbitrary 
step  function,  but  that  wildlife  species  use  vegetation  despite  what  wildlife  biol- 
ogists define  to  be  less  than  optimum  conditions  (70  percent  canopy  closure  for 
thermal  cover,  for  example).  COVER  values  are  expressed  as  continuous 
through  time,  rather  than  as  threshold  values,  so  that  the  user  may  evaluate 
their  implications  for  wildlife  habitat  management.  COVER  output  can  be  writ- 
ten to  a  disk  file  (by  using  the  second  parameter  on  the  COVER  keyword)  for 
later  summarization  and  graphical  display. 
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PERCENTAGE  SHRUB  COVER  -  SHaTERWOOD  AND  CIJE>RCUT  TREATMENTS 
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Figure  18.-Hidmg  cover  compared  for  shelterwood  and  clearcut  prescriptions  for  the  wildlife  example 
stand:  (a)  percentage  shrub  cover  versus  stand  age  following  initial  thinning  in  1984:  (b)  crown  profile  area  ii 
the  lower  10  ft  of  the  stand  versus  stand  age:  (c)  sum  of  stem  diameters  versus  stand  age:  (d)  number  of 
trees  versus  stand  age. 
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SUM  OF  STEM  DIAMETERS  (FT)  -  SHELTERWOOD  AND  aEARCUT  TKEATMENTS 
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Figure  19.  — The  development  through  time  of  crown  profile 
area  by  stand  height  for  the  wildlife  habitat  example. 
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Hydrologic 
Applications 


Forest  Insect  Pest 

Modeling 

Applications 


Succession  Modeling 
and  Planned 
Improvements 


The  COVER  extension  can  be  used  to  link  natural  or  human-made  vegetation 
changes  to  watershed  impacts,  primarily  through  predicted  canopy  closure  and 
shrub  cover  values.  The  sum  of  cover  conditions  across  stands  in  a  watershed 
can  be  expressed  as  the  percentage  of  ground  exposed  to  precipitation  and  run- 
off following  management. 

The  COVER  relationships  for  conifer  foliage  biomass  and  crown  shape  are 
currently  being  used  in  the  Western  Spruce  Budworm  Outbreak  Model 
(Sheehan  and  others  in  preparation).  The  foliage  equations  predict  total  poten- 
tial fohage  biomass  on  undamaged  trees.  Assumptions  about  the  partitioning  of 
foliage  by  age  classes  within  branches,  the  distribution  of  foliage  within  crowns, 
and  the  predicted  effects  of  defoliation  on  future  foliage  production  are  all  com- 
ponents of  the  western  spruce  budworm  (WSBW)  model.  These  relationships 
help  predict  insect  damage  to  trees  through  availability  of  food  and  pattern  of 
larvae  dispersal  vertically  in  the  stand. 

The  combination  of  understory  development  and  vertical  and  horizontal 
canopy  development  relationships  comprising  the  COVER  extension  represents 
a  framework  for  which  quite  detailed  successional  trends  can  be  displayed 
through  time.  Planned  future  studies  will  more  explicitly  link  the  shrubs  com- 
ponent to  the  regeneration  system  (Ferguson  and  others  1985)  and  small  tree 
development  models  (Wykoff  1985)  by  modeling  effects  of  shrub  competition  on 
small  conifer  establishment  and  growth  rates. 

A  second  improvement  planned  for  COVER  includes  the  option  of  making 
predictions  on  individual  sample  points  within  a  stand,  thus  allowing  a  heter- 
ogeneous site  to  be  represented  in  greater  resolution.  This  will  improve  the 
prediction  of  shrub  conditions,  allow  reporting  of  within-stand  variance  statis- 
tics, and  provide  a  measure  of  the  spatial  distribution  of  overstory  and  under- 
story cover. 

Work  is  progressing  on  a  graphical  display  link  that  shows  the  vertical  and 
horizontal  relationships  of  trees  and  shrubs  through  time.  The  display  is  in  the 
form  of  a  "lollipop"  diagram  in  which  each  of  several  figures  of  a  certain  height 
and  shape  represent  different  types  of  tree  and  shrub  records  in  the  stand. 

The  Prognosis/COVER  program  incorporates  models  that  are  specific  to  cer- 
tain species  and  conditions  prevalent  in  the  Northern  Rocky  Mountains,  but  it 
is  also  a  general  system  that  can  be  calibrated  to  local  conditions.  As  shrub 
and  crown  data  specific  to  other  areas  and  habitat  types  become  available,  new 
relationships  can  be  incorporated  into  the  model  to  expand  the  range  of 
predictions. 
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APPENDIX:  SUMMARY  OF  COVER  KEYWORDS 


Category        Keyword 


Keyword  use  and 
associated  parameters 


Default  parameter 
or  conditions 


Program 
control 


CANOPY 


COVER 


END 
SHRUBS 


Calibration    SHRBLAYR 


Output 
control 


SHRUBHT 


SHRUBPC 


DATELIST 


DEBUG 


NOCOVOUT 

NOSHBOUT 
NOSUMOUT 

SHOWSHRB 


Compute  canopy  cover  statistics. 

Invoke  the  COVER  extension;  always 
the  first  keyword  record. 

field  1:  Cycle  in  which  COVER 

calculations  begin. 

field  2;  Dataset  reference 

number  for  COVER  output. 
Last  keyword  record:  return  control 
to  mam  program. 
Compute  shrub  statistics. 

field  1:  Number  of  years  since 

stand  disturbance. 

field  2:  Habitat  type  code. 

field  3:  Physiographic  type  code, 
field  4:  Disturbance  type  code. 

Enter  shrub  calibration  values  by 
shrub  layer. 

fields  1,3,5:  Average  height  (ft) 

of  three  shrub  layers. 

fields  2,4,6:  Average  cover  {%) 

of  three  shrub  layers. 
Enter  shrub  height  calibration 
values  by  species. 

Up  to  four  supplemental  records: 

Species  code  and  height  (ft)  in 

consecutive  10-column  fields. 

Enter  shrub  cover  calibration  values 

by  species. 

Up  to  four  supplemental  records: 
Species  code  and  cover  (%)  in 
consecutive  10-column  fields. 

Print  date  of  last  revision  for  COVER 

model  subprograms  and  common 

areas. 

Request  printout  of  COVER 

calculations  for  tree  and 

shrub  list. 

field  1:  Cycle  m  which  debug 
output  is  to  be  printed. 

Suppress  the  canopy  cover  statistics 

display. 

Suppress  the  shrub  statistics  display. 

Suppress  the  canopy  and  shrubs 

summary  display. 

Select  additional  shrub  species  to  be 

displayed. 

Supplemental  record:  Species 
codes  right  justified  m  six 
consecutive  10-column  fields. 


None 

1 
18 


Stand  age  (STDINFO  card), 

or  3  years 

Stand  habitat  type  code 

(STDINFO  card) 

2  (Lower  slope) 

1  (None) 

No  calibration 


No  calibration 


No  calibration 


None 


Print  in  all  cycles 

Display  printed 

Display  printed 

Display  printed 
Print  nine  species 
which  account  for 
most  cover. 
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Moeur,  Melinda.  COVER:  a  user's  guide  to  the  CANOPY  and  SHRUBS  extension 
of  the  Stand  Prognosis  Model.  General  Technical  Report  INT-190.  Ogden,  UT: 
U.S.  Department  of  Agriculture,  Forest  Service,  Internnountain  Research  Sta- 
tion; 1985.  49  p. 

The  COVER  model  predicts  vertical  and  horizontal  tree  canopy  closure,  tree 
foliage  biomass,  and  the  probability  of  occurrence,  height,  and  cover  of  shrubs 
in  forest  stands.  This  paper  documents  use  of  the  COVER  program,  an  adjunct 
to  the  Stand  Prognosis  Model.  Preparation  of  input,  interpretation  of  output,  pro- 
gram control,  model  characteristics,  and  example  applications  are  described. 


KEYWORDS:  stand  structure,  crown  width,  crown  shape,  canopy  closure,  foliage 
biomass,  shrub  cover,  shrub  height,  shrub  occurrence,  stand 
simulation 


The  Intermountain  Research  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  Forest  Service  Research  stations  charged  with 
providing  scientific  knowledge  to  help  resource  managers  meet  human 
needs  and  protect  forest  and  range  ecosystems. 

The  Intermountain  Station's  primary  area  includes  Montana,  Idaho, 
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RESEARCH  SUMMARY 

This  report  describes  the  sequence  of  events,  their 
characteristics,  and  the  associated  environmental  dis- 
ruptions involved  in  the  exploration,  development,  and 
production  of  petroleum.  The  potential  effects  of  envi- 
ronmental disruptions  on  wildlife  behavior,  populations, 
and  habitat  are  evaluated,  drawing  on  a  review  of  the 
literature,  supported  by  a  selective,  annotated  bibliog- 
raphy. Potential  effects  are  numerous  and  varied. 
Impact  severity  is  site  specific  and  depends  on  the 
sensitivity  of  the  species  affected,  the  nature  of  the 
environmental  disruption,  habitat  characteristics,  and 
the  availability  and  condition  of  alternative  habitat. 
The  major  wildlife  groups  affected  by  petroleum  activi- 
ties are  ungulates,  carnivores,  water  birds,  upland 
birds,  and  raptors.  Possible  approaches  to  minimizing 
adverse  effects  on  wildlife  are  presented,  including 
changes  in  management  of  petroleum  projects,  per- 
sonnel, and  wildlife  habitat  and  populations. 
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INTRODUCTION 

The  current  domestic  energy  policy  of  becoming  as 
self-sufficient  as  possible  is  encouraging  rapid  increases 
in  petroleum  exploration  and  development.  Public  lands 
are  receiving  much  attention  as  "our  last  unexplored 
frontier  for  oil  and  gas"  (Dibble  and  Hamilton  1979). 
There  is  pressure  to  reevaluate  laws,  regulations,  and 
policy  directives  that  restrict  exploration  and  develop- 
ment on  many  Federal  lemds,  including  existing  and  pro- 
posed Wilderness  Areas,  RARE  II  lands,  critical  wildlife 
habitats,  and  other  undeveloped  wildlands  (American 
Petroleum  Institute  1981;  Rogers  1981;  Schumacher  and 
others  1979).  Oil  and  gas  leases  were  applied  for  on  more 
than  three  dozen  Wilderness  Areas  before  the  terms  of 
the  Wilderness  Act  ended  leasing  in  1984.  Approval  of 
leases  has  been  recommended  for  several  Wilderness 
Areas  in  the  West  (Nice  1982).  Considerable  conflict  is 
occurring  between  oil  and  environmental  interests  in  the 
Rocky  Mountain  Overthrust  Belt,  a  geological  formation 
believed  to  have  great  oil  and  gas  potential,  but  under- 
lying much  of  the  wildlands  in  Wyoming,  Idaho,  Utah, 
and  Montana  (Hamilton  1978;  Kline  1981;  Whipple 
1977). 

The  rapid  rate  of  resource  development  dictates  that 
resource  managers  become  familiEir  with  the  potential 
problems  inherent  in  energy  development  and  begin  to 
implement  guidelines  to  minimize  adverse  effects  on  the 
wildland  environment  (Burger  and  Swensen  1977).  One 
of  the  major  problems  associated  with  energy  develop- 
ment concerns  the  potential  effect  of  petroleum  develop- 
ment activities  on  wildlife,  especially  those  species 
dependent  on  a  wildland  environment.  Construction  of 
roads,  driUing  pads,  and  pipelines,  the  influx  of  people 
and  machinery,  and  the  development  of  construction 
camps  and  boom  towns  are  but  a  few  of  the  activities 
that  create  disruptions  potentially  threatening  to  wildlife 
not  habituated  to  high  levels,  or  the  presence,  of  human 
activities. 

Managers  faced  with  the  task  of  protecting  wildlife  in 
such  a  situation  are  handicapped  by  the  lack  of  readily 
available  information  on  the  responses  of  wildlife  to  vari- 
ous development  activities.  Although  research  into  the 
effects  of  disturbances  specific  to  the  petroleum  industry 
is  limited,  numerous  studies  have  been  completed  describ- 
ing the  effects  of  other  human  activities  that  may  result 
in  environmental  disruptions  (noise,  increased  traffic) 
similar  to  those  caused  by  petroleum  exploration  and 


development  operations.  Results  of  this  work,  however, 
are  dispersed  in  the  scientific  literature.  This  report  was 
prepared  with  the  belief  that  a  review  and  synthesis  of 
this  research  would  be  useful  to  managers,  especially 
while  awaiting  results  from  studies  dealing  more  specifi- 
cally with  the  effects  of  petroleum  development  on  wild- 
life. 

Purpose  and  Objectives 

The  purpose  of  this  report  is  to  provide  resource 
managers  with  a  compilation  of  background  information 
useful  in  the  development  of  guidelines  and/or  manage- 
ment strategies  designed  to  minimize  adverse  effects  of 
petroleum  exploration  and  development  on  wildlife  in 
wildland  environments.  It  is  not  intended  for  use  in 
deciding  whether  or  not  to  allow  development,  but  rather 
to  aid  in  the  identification  of  wildlife/land  use  conflicts, 
to  increase  the  manager's  awareness  of  the  implications 
of  development,  and  to  provide  information  that  may 
facilitate  minimization  of  harmful  effects  in  the  event 
that  development  in  sensitive  areas  is  approved.  It  does 
not  consider  the  esthetic  problems  that  may  be  associ- 
ated with  development  of  wildland  areas.  The  major  ob- 
jectives of  the  report  are: 

1.  To  familiarize  resource  managers  with  the  sequence 
of  events,  major  activities,  and  associated  environmental 
disruptions  involved  in  the  exploration,  development, 
and  production  of  petroleum. 

2.  To  provide  an  overview  and  evaluation  of  the 
potential  effects  of  these  disruptions  on  wildlife  be- 
havior, habitat,  and  populations  by  presenting  an  anno- 
tated bibliography  of  literature  on  effects  of  land  use 
activities. 

3.  To  present  a  general  description  of  possible 
approaches  to  minimizing  these  effects  (mitigation, 
management  strategies). 

For  the  purpose  of  this  paper,  "environmental  disrup- 
tion" is  defined  as  a  human-caused  modification  of  the 
environment  that  may  ultimately  result  in  adverse 
effects  on  wildhfe.  It  includes  changes  of  a  physical 
nature,  and  changes  in  the  level  or  type  of  activities  in 
an  area.  A  disruption  results  from  one  or  several  devel- 
opment activities  and  represents  the  mechanism  through 
which  wildlife  is  affected.  It  is  considered  here  to  be  a 
common  denominator  allowing  comparison  between  the 
effects  of  various  land  use  activities  and  potential  effects 
of  petroleum  extraction  activities. 


Scope 

Petroleum  development  activities  may  result  in  a  wide 
range  of  effects  on  the  physical  environment— soil,  vege- 
tation, water,  air— but  these  are  addressed  here  only  as 
they  directly  relate  to  terrestrial  wildlife.  The  subjects  of 
oil  spills,  pollution,  and  major  effects  on  aquatic 
habitats,  although  potentially  serious,  are  addressed  only 
in  a  very  general  way  because  such  information  would 
easily  fill  a  separate  paper.  The  range  of  species  dis- 
cussed was  determined  by  the  available  literature  and 
includes  primarily  ungulates,  carnivores,  raptors,  and 
waterfowl.  Songbirds,  shorebirds,  and  furbearers  are 
addressed  more  briefly.  Discussion  of  fish  and  other 
aquatic  organisms  is  beyond  the  scope  of  this  report. 

Because  of  its  broad  geographic  coverage  the  report 
may  be  used  in  many  areas.  The  majority  of  published 
research  to  date  has  been  conducted  in  the  Arctic,  and 
more  recently  in  the  Rocky  Mountains  and  several 
north-central  and  eastern  States.  Results  of  arctic 
studies  constitute  a  large  part  of  this  paper,  but  are 
reported  only  when  relevant  to  other  geographic  areas. 
Discussion  of  problems  specific  to  arctic  development- 
such  as  the  need  to  import  all  equipment  and  workers, 
the  special  requirements  of  permafrost  construction,  and 
the  vulnerability  and  low  productivity  of  northern  bio- 
logical systems— is  of  interest  to  a  relatively  limited  au- 
dience and  has  already  received  good  coverage  in  other 
publications  (Hanley  and  others  1980;  Klein  1973;  USGS 
1979).  It  is  therefore  not  repeated  here. 

This  paper  is  based  on  a  review  of  literature  published 
in  scientific  journals,  magazines,  government  publica- 
tions, private  industry  reports,  and  a  few  unpubhshed 


papers.  It  represents  a  synthesis  of  data  covering  a  wide 
variety  of  wildlife  species,  geographical  locations,  £ind 
land  uses.  Legitimate  concerns  exist  over  (1)  the  validity 
of  generalizing  or  extrapolating  from  one  situation  or 
species  to  another,  and  (2)  the  validity  and  practicality 
of  using  behavioral  responses  as  measures  of  effect,  as 
they  have  not  been  demonstrated  to  relate  directly  to 
changes  in  productivity  or  survival  of  a  population 
(Jingfors  and  Gunn  1981).  Without  specific  project 
descriptions  and  complementary  species  studies,  how- 
ever, managers  must  mainly  rely  on  general  findings 
from  past  studies  and  general  wildlife  observations  when 
dealing  with  immediate  problems  and  develop  measures 
to  minimize  effects  of  current  development  on  wildlife. 
The  present  rate  of  development  precludes  the  possibil- 
ity of  long-term,  species-  and  site-specific  research  that 
might  relate  individual  and  population  responses  and 
provide  more  definitive  conclusions  concerning  the 
effects  on  wildlife.  Many  authors  cited  in  this  paper 
specify  that  results  apply  only  to  circumstances  under 
which  the  study  was  conducted,  and  request  that  caution 
be  used  in  making  generalizations  from  their  research. 

Specific  information  presented  in  this  paper  is  in- 
tended as  background  data  to  supplement  local  inven- 
tory and  research  data.  Resource  managers  wiU  need  to 
make  judgments,  based  on  professional  expertise  and 
awareness  of  the  limitations  described,  in  extrapolating 
from  results  reported  in  this  paper  to  their  peirticular  sit- 
uations. Managers  should  be  aware  that  new  research  on 
the  effects  of  development  on  wildlife  is  continually 
being  completed,  and  they  should  be  ready  to  alter 
management  actions,  if  necessary,  as  future  research 
results  become  available. 


Much  of  the  published  research  on  wildlife-petroleum  relations 
has  been  conducted  in  the  arctic.  Here,  caribou  graze  near  an 
oil  derrick. 


EXPLORATION  AND  DEVELOPMENT 
ACTIVITIES 

This  section  describes  the  general  sequence  of  opera- 
tions and  types  of  activities  involved  in  petroleum  explo- 
ration, development,  and  production.  The  degree  and 
nature  of  development  activity  is  site-specific  to  each 
well  or  oU  field,  and  depends  on  such  factors  as  geology 
and  reservoir  characteristics,  terrain  conditions,  and 
existing  access  and  support  facihties.  Although  environ- 
mental disruptions  are  common  to  all  phases  of  develop- 
ment, their  magnitude  may  vary  and  is  also  strongly 
dependent  on  site-specific  conditions  (Hanley  and  others 


1980).  Nonetheless,  general  oil  field  practices  can  be  out- 
lined. The  sequence  of  operations  normally  progresses 
through  five  phases:  (1)  preliminary  exploration,  (2)  ex- 
ploratory drilling,  (3)  development,  (4)  production,  and  (5) 
reclamation/abandonment. 

Table  1  summarizes  activities  involved  during  each 
phase  of  operation.  Table  2  shows  the  environmental  dis- 
ruptions resulting  from  each  of  these  activities.  The 
major  sources  used  throughout  the  following  sections 
describing  oil  field  operations  are  Amerada  Hess 
Corp.  1980;  Hanley  and  others  1980;  Overthrust  Indus- 
trial Association  1981a;  USDA  1981a,  1981b;  USD! 
1979,  1981a,  1981b.  Additional  references  are  cited  as 
necessary. 


Table  1.— -Phases  of  petroleum  development  and  activities  occurring  during  each 
phase 


Development  phase 

Activity 

Explore 

Drill 

Develop 

Produce 

Abandon 

Ground  surveys 

X 

Seismic  trail  clearing 

X 

Seismic  wave  production/recording 

X 

Clearing/grading  right-of-way 

X 

X 

Road  construction 

X 

X 

X 

X 

Mobilization  of  trucks/equipment 

X 

X 

X 

X 

X 

Site  development  (clearing/grading) 

X 

X 

X 

Drill  pad  construction 

X 

X 

Excavation  of  storage/mud  pits 

X 

X 

Drilling  and  related  activities 

X 

X 

Water  supply 

X 

X 

Borrow/  pit  excavation 

X 

X 

Wellhead/pump  unit  Installation 

X 

Construction  of  process/treatment/ 

storage  facilities 

X 

Installation  of  flow  lines 

X 

Erection  of  power  lines 

X 

Communication  system  development 

X 

Operation  of  process/treatment 

facilities 

X 

Pipe  stringing 

X 

Trenching  and  pipe  installation 

X 

Pipe  burial  and  backfill 

X 

Maintenance  and  inspection 

X 

X 

Accidents 

X 

X 

X 

X 

Secondary  recovery 

X 

Air  support 

X 

X 

X 

X 

X 

Worker  accommodations 

X 

X 

X 

X 

Increase  in  local  population 

X 

X 

X 

Development  of  ancillary  industry 

X 

Well  plugging 

X 

Site  restoration/revegetation 

X 

Table  2.— Potential  environmental  disruptions  resulting  from  oil  field  activities 


I, 


Potential  environmental  disruption 


Activity 


Noise 


Aircraft 


Human 
intrusion 


Traffic 

and 
access 


Structures 

and 
facilities 


Alteration 

of  vegetation/ 

land 


Harmful 
substances 


Ground  surveys 
Seismic  trail  clearing 
Seismic  wave  production/ 

recording 
Clearing/grading  righit- 

of-way 

Road  construction 
Mobilization  of  trucks/ 

equipment 
Site  development 

(clearing/grading) 
Drill  pad  construction 
Excavation  of  storage/mud 

pits 
Drilling  and  related 

activities 
Water  supply 
Borrow  pit  excavation 
Wellfiead/pump  unit 

installation 
Construction  of  process/ 

treatment/storage 

facilities 

installation  of  flow  lines 
Erection  of  power  lines 
Communication  system 

development 
Operation  of  process/ 

treatment  facilities 
Pipe  stringing 
Trenching  and  pipe 

installation 
Pipe  burial  and  backfill 
Maintenance  and 

inspection 
Accidents 
Secondary  recovery 
Air  support 

Worker  accommodations 
Increase  in  local  population 
Development  of  ancillary 

industry 
Well  plugging 
Site  restoration/revegetation 


Preliminary  Exploration 

The  main  purpose  of  this  phase  is  to  locate  and  obtain 
detailed  information  on  geologic  structures  with  the 
potential  for  producing  oil  and  gas.  It  can  be  conducted 
on  leased  or  unleased  lands.  Initially,  geologic  literature, 
surface  maps,  aerial  photos,  low-altitude  reconnaissance 
flights,  and  higher  altitude  magnetic  and  gravity  survey 
flights  are  used  to  search  for  the  presence  of  structures 
that  may  contain  oil  and  gas  traps  or  reservoirs.  More 
detailed  ground  surveys,  and  sampling  of  surface  and 
subsurface  rocks,  follow  at  promising  sites.  Environmen- 
tal disruptions  through  this  stage  are  minimal,  although 
small  crews  with  light  vehicles  must  be  present  and 
some  off-road  travel  may  be  necessary  in  areas  without 
existing  access  roads  or  trails. 

If  these  surveys  continue  to  indicate  the  probable 
occurrence  of  petroleum  accumulations  at  a  site,  seismic 
prospecting  normally  ensues.  This  procedure  involves  the 
artificial  generation  of  shock  waves  and  the  subsequent 
recording,  by  special  detectors,  of  the  times  necessary 
for  the  waves  to  be  reflected  back  to  the  surface  from 
rock  interfaces  at  various  depths.  The  results  indicate 
the  depths  of  specific  formations.  The  energy  source  and 
sensors  are  located  along  straight  seismic  lines  laid  out 
in  a  grid. 

Two  general  types  of  seismic  operations  are  possible, 
their  uses  determined  by  the  difficulty  of  access  and  the 
sensitivity  of  the  environment: 

1.  Operations  that  use  heavy,  truck-mounted  equip- 
ment for  drilling  shot-holes,  recording,  and  in  some  cases 
generating  seismic  waves.  Shock  waves  may  be  produced 
by  several  methods: 

—  explosives  loaded  into  50-  to  200-ft  drilled  holes 
and  detonated. 

—  "thumper"  trucks  drop  a  heavy  weight  to  the 
ground  several  times  in  succession  along  a  predeter- 
mined line. 

—  truck-mounted  vibrator  pads  that  vibrate  the 
earth  at  intervals  along  a  line. 

A  typical  operation  may  use  10  to  15  people  and  five  to 
seven  trucks.  If  access  is  inadequate,  a  network  of  tem- 
porary roads  and  trails  may  have  to  be  constructed.  The 
amount  of  preparation  necessary  depends  on  types  of 
vegetation  and  ruggedness  of  terrain.  Roads  are  aligned 
in  straight  lines  regardless  of  gradient  or  terrain.  Trails 
may  have  to  be  cut  through  forested  areas.  These  opera- 
tions may  result  in  various  disruptions  of  the  environ- 
ment, including  disturbance  of  vegetation  and  ground 
surface,  blasting  and  other  noise,  and  increased  presence 
of  humans  and  vehicles  associated  with  the  exploration 
activity,  or  local  residents  taking  advantage  of  the  in- 
creased access. 

2.  Portable  operations  transported  by  helicopter.  Em- 
ployees and  equipment  are  flown  in  from  staging  areas. 
Explosives  are  detonated  in  shallow  holes  on  the  surface 
of  the  ground  or  on  stakes  or  platforms.  Vegetation  and 
surface  disturbance  are  reduced  because  road  construc- 
tion is  not  required.  Nevertheless,  helicopter  activity  will 
result  in  increased  noise. 


The  degree  of  impact  of  seismic  activity  depends  on 
its  intensity— the  number  of  concurrent  programs,  the 
number  and  spacing  of  lines,  and  the  length  of  time 
spent  in  critical  habitats.  Two  aspects  must  be  consid- 
ered: the  immediate  effect  of  the  actual  exploration 
activity,  and  the  subsequent  effects  resulting  from  in- 
creased access  (Stubbs  and  Markham  1979). 

Certain  characteristics  specific  to  seismic  operations 
may  intensify  effects  on  wildlife.  Crews  are  constantly 
moving  and  follow  a  course  unpredictable  to  wildlife. 
The  activity  may  cover  a  large  area,  and  is  not  confined 
to  one  site  as  is  characteristic  of  drilling  operations. 
Blasting  noise  is  sudden  and  unpredictable,  and  its  ef- 
fect may  extend  beyond  the  area  of  immediate  surface 
disturbance  and  activity.  Exploration  activities  may  be 
especially  disruptive  if  poorly  planned  and  subcontracted 
to  small  companies  with  restricted  budgets.  Such  firms 
may  be  less  concerned  than  large  oil  companies  with 
public  relations  and  therefore  more  likely  to  take 
environmentally  destructive  shortcuts  (Klein  1973). 

Exploratory  Drilling 

In  cases  where  preliminary  explorations  still  indicate 
the  possible  occurrence  of  oil,  drilling  of  an  exploratory 
or  "wildcat"  well  may  be  initiated  to  determine  if  oil 
and/or  gas  of  commercial  quantity  and  quality  exist. 
Drilling  does  not  begin  until  a  lease  has  been  acquired 
by  the  operator.  Well  depth  depends  on  the  geology  of 
the  area.  Wells  in  the  Overthrust  Belt  are  commonly 
drilled  to  depths  up  to  18,000  ft  (Overthrust  Industrial 
Association  1981b),  and  completion  may  take  6  months. 
In  other  areas,  shallower  wells  of  a  few  thousand  feet 
are  common  and  may  be  completed  in  a  few  weeks. 

The  steps  undertaken  in  exploratory  drilling  opera- 
tions are: 

1.  Construction  of  temporary  access  roads  abl^  to 
accommodate  continuous  traffic  of  large,  heavy  trucks 
hauling  the  drill  rig  and  other  materials  and  equipment 
to  and  from  the  drill  site.— Factors  such  as  time  of  year, 
terrain,  and  duration  of  drilling  activity  may  influence 
road  construction  requirements.  Standard  road  construc- 
tion practices  are  followed.  Heavy  earth-moving  equip- 
ment is  used  to  clear  vegetation  for  a  10-  to  18-ft  wide 
running  surface,  grade  the  road  surface,  cut  and  fill 
slopes,  cut  ditches  and  borrow  pits,  transport  material 
used  to  crown  the  running  surface,  install  culverts,  etc. 

2.  Preparation  of  well  site.— This  requires  clearing 
and  leveling  an  area  of  1  to  7  acres  (10  acres  for  deep 
wells)  for  the  drill  pad  (Kline  1981).  This  pad  holds  the 
drilling  rig,  mud  pumps,  mud  pits,  generators,  pipe  rack, 
and  tool  house.  Construction  requires  stripping  of  top- 
soil;  cutting,  filling,  and  grading  to  construct  a  flat 
drilling  pad;  and  excavating  and  banking  mud  pits  to 
hold  drilling  mud,  cuttings,  and  waste  fluids.  The  rig  is 
erected  and  other  equipment  is  hauled  in  and  stored  on 
the  pad  awaiting  use. 

3.  Provision  of  adequate  water  supply  (50,000  to 
100,000  gal/day).— Water  may  be  trucked  to  the  site,  or 
transported  by  a  surface  pipeline  laid  to  a  water  source 
nearby. 
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Some  seismic  exploration  for  petroleum 
deposits  is  conducted  using  helicopter 
access  rather  than  trucks,  with  different 
types  of  wildlife  effects. 


4.  Drilling.— The  actual  drilling  operation  normally 
uses  a  rotary  drill  bit  and  drill  string,  consisting  of  long 
lengths  of  pipe,  which  are  rotated  and  gradually  bore 
into  the  earth.  Additional  strings  of  pipe,  or  casing,  are 
cemented  inside  the  hole,  primarily  for  safety  reasons. 
Drilling  mud,  generally  a  mixture  of  water,  clay,  and 
chemical  additives,  is  forced  under  pressure  down  the 
drill  pipe  to  cool  and  clean  the  bit  and  carry  cuttings  to 
the  surface.  Large,  loud,  diesel  power  plants  are  often  re- 
quired for  power  at  the  drilling  site  (Longley  and  others 
1978). 

Various  tests,  such  as  "logging,"  measure  the  physical 
characteristics  of  the  rock  formations  and  associated 
fluids.  The  well  will  be  completed  if  sufficient  quantities 
of  oil  and/or  gas  are  indicated.  Completion  requires  in- 
stallation and  cementing  of  casing  to  the  bottom  of  the 
hole.  If  no  oil  or  gas  is  encountered,  the  well  is  usually 
abandoned.  If  the  well  is  a  producer,  the  area  is  developed. 


Exploratory  drilling  tends  to  be  much  more  disruptive    j 
to  the  environment  than  are  seismic  operations.  This  is 
primarily  due  to  the  increased  access  and  need  for  con- 
struction,   and  the  consequent  increase  in  human  activity, 
noise  from  vehicles  and  machinery,  and  disturbance  of 
vegetation  and  ground  surface. 

Crews  work  around  the  clock  (three  shifts  of  five  to 
eight  workers)  and  service  traffic  may  be  continuous.  Al- 
though much  of  this  activity  is  concentrated  in  the  area 
of  the  drill  pad  and  roads,  noise  associated  with  con- 
struction machinery,  heavy  trucks,  and  drilling  may  be 
persistent  and  extend  beyond  the  area  of  immediate  ac- 
tivity. In  addition,  construction  of  new  roads  may  open 
up,  temporarily  or  permanently,  previously  inaccessible 
areas  for  recreation  by  local  residents  and  workers.  The 
degree  of  surface  disturbance  required  for  the  drill  pad, 
mud  pits,  and  road  construction  may  vary  according  to 
such  factors  as  well  depth,  rig  size,  mud  system  effi- 
ciency, and  terrain.  For  instance,  in  the  Overthrust  Belt, 
the  combination  of  rough  terrain  and  deep  wells  com- 
monly results  in  larger  disturbed  areas.  Toxic  substances 
(fuel,  crude  oil,  chemicals)  may  be  released  from  acci- 
dents or  leaks  (Longley  and  others  1978).  Site-specific 
disruptions  resulting  from  a  well  may  last  only  a  few 
months;  however,  an  exploratory  program  for  an  area 
may  include  many  wells  and  may  last  for  years. 

Development  and  Production 

Because  the  two  phases  often  occur  simultaneously 
and  result  in  similar  environmental  disruptions,  develop- 
ment and  production  will  be  discussed  together.  If  a 
wildcat  well  becomes  a  "discovery  well"  (a  well  that 
yields  oil  or  gas  in  commercial  quantities),  development 
begins.  Subsequent  wells  are  drilled  to  establish  the 
reservoir's  limits  and  to  facilitate  planning  the  best  pat- 
tern of  wells  to  drain  the  field.  The  drilling  procedure  is 
the  same  as  that  followed  for  exploratory  wells.  As  de- 
velopment wells  are  drilled,  they  may  be  tested  and  tem- 
porarily shut  in  until  means  of  transporting  the  oil 
and/or  gas  is  arranged. 

Oil  field  production  begins  when  the  oil  or  gas  can  be 
transported  by  pipeline  or  truck.  This  usually  occurs 
soon  after  completion  of  the  discovery  well  and  is  often 
concurrent  with  development  operations.  Temporary 
facilities  are  gradually  replaced  by  permanent  ones. 
Often,  the  majority  of  surface  disturbances  occur  in  this 
phase,  as  new  wells  are  drilled  periodically  throughout 
the  field  and  pipelines  and  operational  facilities  must  be 
built.  The  extent  of  surface  facilities  is  determined  by  re- 
serve size,  reservoir  characteristics,  the  mixture  of  fluids 
being  produced,  transportation  strategies,  availability  of 
existing  infrastructure,  and  whether  or  not  the  field  is 
unitized.'  Such  facilities  may  consist  of  any  or  all  of  the 
following: 

1.  Drill  sites.— Drilling  may  continue  throughout  the 
producing  life  of  the  field.  Facilities  needed  are  the  same 
as  for  exploratory  drilling. 


Unitization  refers  to  the  joining  of  numerous  leases  into  "unitized" 
fields  which  are  developed  and  operated  as  a  unit,  upon  agreement  by 
developers,  without  regard  for  separate  ownership. 


Oil  field  development  and  oil  transporation 
and  storage  facilities  can  affect  considerable 
area. 


2.  Well  heads.— If  formation  pressure  is  sufficient  to 
force  the  oil  to  the  surface,  the  well  is  completed  as  a 
free-flowing  well  and  simply  closed  off  using  a  "Christmas 
tree,"  an  assembly  of  valves  and  pressure  regulators 
used  to  control  the  flow  of  the  well.  Wells  using  artificial 
lift  have  simple  well-head  arrangements  of  valves. 

3.  Pumping  equipment.— If  natural  pressure  is  not 
sufficient  to  raise  the  oil,  a  pumping  unit  may  be 
needed.  Surface  pumps  are  usually  powered  by  internal 
combustion  engines  or  electric  motors,  which  are 
generally  preferred  by  operators  and  make  less  noise  but 
require  a  source  of  electricity. 

4.  Storage  facilities.— Storage  tanks  or  tank  batteries 
may  be  placed  at  well  sites  or  in  central  locations  to  be 
used  as  collection  and  shipping  points  for  oil  and  gas. 

5.  Separating  and  treating  facilities.  — If  the  oil  con- 
tains gas  and  water,  they  are  separated,  at  facilities 
usually  located  at  the  storage  tank  batteries,  before  the 
oil  is  stored.  Gas  may  be  returned  to  the  reservoir  or 
marketed.  If  marketed,  additional  treatment  facilities 
may  be  needed  to  upgrade  the  gas  for  commercial  pipe- 
line transport.  Deep  drilling  often  produces  hydrogen 
sulfide,  a  highly  toxic  and  corrosive  "sour"  gas.  The  gas 
must  be  "sweetened"  at  plants  located  near  the  center 
of  the  field  because  transporting  the  gas  is  dangerous. 
Several  plants  may  be  required  in  an  area;  and  each  may 
cover  20  to  several  hundred  acres  (Kline  1981;  O'Gara 
1980).  Separation  of  water,  which  often  contains  very 
high  salt  concentrations,  may  require  tall  settling  tanks 
or  facilities  for  chemical  or  heat  treatment. 

6.  Salt  water  disposal  systems.— Reinjection  of  water 
into  the  formation  may  require  additional  wells  and 
mEiintenance  roads.  In  some  cases,  dry  holes  or  depleted 
wells  are  used.  Surface  exploration  or  percolation  pits 
are  sometimes  used  for  salt  water  disposal  or,  where 
necessary,  for  skimming  of  oil  not  completely  separated 
(Clifton  and  LaVelle  1978;  Conner  and  others  1976). 

7.  Roads.— The  design  standard  of  existing  roads  will 
be  upgraded  if  necessary  for  permanent,  all-weather  access. 
This  may  involve  widening,  ditching,  graveling,  crown- 
ing, or  capping  the  roadbed  and  installing  culverts. 


Additional  roads  will  need  to  be  constructed  to  allow 
increased  access  to  the  wells,  to  treatment  and  storage 
facilities,  and  for  construction  and  maintenance  of  pipe- 
lines, transmission  lines,  and  communication  sites. 

8.  Electric  transmission  lines.— Lines  and  rights  of- 
way  may  be  required  from  main  lines  to  each  well  site 
and  tank  battery  and  to  the  communication  and  produc- 
tion facility.  These  range  from  small  lines  on  simple 
wood  poles  in  narrow  rights-of-way  to  extra-high-voltage 
lines  on  steel  structures  in  corridors.  Construction 
usually  involves  road  construction,  clearing  of  vegetation 
for  a  right-of-way  of  variable  width,  tower  installation, 
and  conductor  stringing  (Lee  and  Griffith  1978). 

9.  Communication  systems.— Communication  lines 
are  usu£illy  buried,  requiring  a  construction  easement 
and  permanent  right-of-way.  Communication  sites  typi- 
cally include  repeater  and  terminal  facilities,  electric 
power  source,  and  an  access  road  to  permit  year-round 
servicing.  All  communication  facilities  have  some  type  of 
antenna  on  top  of  wooden  poles  or  steel  towers,  which 
vary  in  height  up  to  several  hundred  feet  (USDI  1976b). 

10.   Pipelines.— Numerous  pipelines  will  be  required.  Oil 
and  gas  are  transferred  within  the  field  from  the  wells  to 
gathering  stations,  and  between  gathering  stations  and 
treatment  facilities,  in  flow  lines  generally  4  to  8  inches 
in  diameter.  Flow  Unes  can  be  on  the  surface,  buried,  or 
elevated. 

Larger  pipelines  of  variable  diameter  and  length  are 
needed  to  transport  the  oil  and  gas  from  gathering  sta- 
tions to  refineries.  The  conventional  below-grade  con- 
struction mode  typically  used  for  both  oil  and  natural 
gas  pipelines  consists  of  the  following  major  steps 
(USDI  1976a;  USDI  and  Fed.  Energy  Reg.  Comm.  1981): 

—  Construction  of  access  roads  between  right-of-way 
and  pipe  yards,  borrow  pits,  and  storage  areas. 

—  Preparation  of  right-of-way.  All  vegetation  and 
debris  must  be  cleared  and  the  right-of-way  graded  as 
necessary.  Blasting  may  be  required  for  removal  of  rock. 
Construction  requirements,  pipe  diameter,  and  soil  condi- 
tion usually  establish  the  width  of  the  right-of-way. 

—  Excavation  of  borrow  pits  as  necessary  for  gravel. 

—  Pipe  mobihzation  and  stringing.  The  pipe  must  be 
hauled  to  the  right-of-way  and  placed  in  assembly  posi- 
tion along  the  ditch  centerline,  with  openings  at  given 
intervals. 

—  Installation.  The  burial  trench  is  dug  and  the  pipe 
bent,  aligned,  welded,  coated,  and  lowered  into  the  ditch 
by  crews  using  various  types  of  equipment.  The  trench 
is  backfilled  with  ditch  spoil,  creating  a  berm  over  the 
pipeline.  The  right-of-way  is  then  graded  to  original  con- 
tours (except  berm)  and  vegetated. 

The  pipeline  is  typically  laid  by  several  "spreads" 
working  simultaneously  along  its  route.  Other  compo- 
nents of  the  pipeline  system  must  also  be  constructed  as 
necessary,  including  block  valves,  metering  stations, 
maintenance  bases,  cathodic  protection  stations,  and 
pump  and  compressor  stations  to  maintain  pipeline  pres- 
sure. Each  of  these  requires  a  variable  surface  area  rang- 
ing from  several  hundred  square  feet  to  several  acres 
and  may  require  additional  access. 


11.   Facilities  for  secondary  recovery.— After  years  of 
primary  production,  the  reservoir's  natural  pressure  and 
oil  yield  declines.  Secondary  recovery,  involving  injec- 
tion of  water  (water-flooding),  gas,  or  other  liquids,  is 
often  initiated  to  artificially  increase  reservoir  pressure. 

A  service  infrastructure  is  also  developed  during  this 
phase.  A  substantial  increase  in  the  local  population,  or 
"boom  town"  development,  results  from  the  influx  of:  (1) 
a  very  large  labor  force  (hundreds  to  thousands)  required 
for  oil  field  development  activities,  (2)  workers'  families, 
(3)  personnel  of  service  professions  needed  to  provide  for 
the  increased  population,  and  (4)  personnel  of  ancillary 
industries  which  may  result  from  oil  field  development. 
These  people  require  living  accommodations,  which  may 
consist  of  (1)  company  construction  camps  in  remote 
areas,  (2)  housing  in  local  communities,  or  (3)  "squat- 
ting" with  tents,  campers,  or  trailers  (Kline  1981).  The 
population  increase  may  last  for  varying  lengths  of  time, 
but  tends  to  be  greatest  during  the  development  and 
construction  phase  as  temporary  workers  are  imported. 
A  significant  increase  in  permanent  residents  is  likely. 
In  remote  areas  with  difficult  access,  aircraft  support 
may  be  needed.  This  could  require  construction  of  air- 
strips or  heUpads. 

Development  and  production  may  take  many  years 
and  include  many  wells  and  facilities.  Once  a  field  has 
been  established,  environmental  disruptions  become  ex- 
tensive, cumulative,  often  long  term,  and  would  occur 
continually  in  varying  degrees  because  of  the  need  for 
recurring  human  activity. 

Wildlife  habitat  alteration  or  destruction  can  be  con- 
siderable due  to  the  increased  surface  disturbance  and 
vegetation  clearing  needed  for  (1)  construction  activities 
and  (2)  placement  of  permanent  operational  facilities, 
well  sites,  roads,  worker  accommodations,  etc.  Aquatic 
habitats  may  be  altered  as  a  result  of  siltation  and  ero- 
sion from  culvert  placement,  stream  bottom  pipeline 
crossings,  and  runoff  from  dirt  roads  and  construction 
activities. 

The  presence  of  human-associated  structures  and  facili- 
ties (buildings,  roads,  pipelines,  transmission  lines)  will 
increase.  Substantial  human  intrusion  into  wildlife  habi- 
tat will  result  from  (1)  activities  directly  related  to  oil 
field  operations  and  (2)  secondary  activities  related  to 
the  resultant  increases  in  access  and  population.  Traffic 
will  increase  significantly.  There  will  be  a  greater  demand 
on  wildlife  and  its  habitat  for  recreational  purposes. 
Sociological  data  indicate  that  energy-development- 
related  workers  have  a  higher  demand  for  outdoor  recre- 
ation, especially  hunting,  fishing,  and  use  of  recreational 
vehicles,  and  therefore  a  greater  potential  for  increasing 
impacts  on  wildlife,  than  do  resident  populations  in 
development  areas  (Streeter  and  others  1979).  Effects 
from  secondary  activities  may  be  greater  in  the  long 
term  than  those  from  development  itself. 

Deliberate  harassment  of  wildlife  may  occur  in  some 
situations.  Also,  attraction  of  scavenger  species  to  con- 
struction camps,  drill  sites,  or  other  concentrations  of 
human  activity  may  be  a  problem  in  some  areas,  espe- 
cially where  food,  garbage,  and  sewage  are  accessible  to 
the  animals. 


Varying  levels  of  noise  will  be  generated  by  construc- 
tion machinery,  heavy  trucks  and  other  traffic,  blasting, 
generators,  air  traffic,  and  other  equipment  and  opera- 
tions. Noise  may  be  temporary  and  site-specific,  or  long- 
term,  depending  on  the  source.  Gas  turbines  and  com- 
pressor stations  are  sources  of  very  high  level,  long-term 
noise  (Banfield  1971;  USD!  and  Fed.  Energy  Reg. 
Comm.  1981). 

Accidents  causing  spills  and  leaks  of  toxic  or  other- 
wise environmentally  damaging  substances  can  be  ex- 
pected, despite  precautions  taken  to  prevent  them.  Liq- 
uid spills  (fuel,  oil,  brine,  chemicals)  occur  along 
pipelines,  from  mud  pit  failure,  at  storage  tanks  and  well 
heads.  In  some  areas,  brine  spills  are  a  more  serious 
problem  than  oil  spills.  Brine  spills  may  be  more  fre- 
quent than  oil  spills,  and  brine  is  more  damaging  and 
less  easily  recoverable  than  oil  (de  Jong  1980;  Kennedy 
1979). 

Reclamation/Abandonment 

The  operator  must  submit  an  abandonment  plan  and 
request  permission  from  the  U.S.  Geological  Survey 
(USGS)  to  begin  abandonment  operations.  Dry  holes  and 
depleted  producing  wells  are  plugged  with  cement. 
Drilling  rigs  and  support  equipment  are  removed  from 
unsuccessful  wells.  When  an  entire  lease  is  abandoned  at 
the  end  of  the  production  phase,  processing,  treating, 
and  handhng  equipment  is  removed.  Surface  flow  lines 
are  removed,  but  buried  lines  are  usually  plugged  and 
left  in  place.  The  surface,  including  mud  pits,  must  be 
restored  to  the  requirements  of  the  surface  management 
agency  and  stipulations  of  the  lease.  Earth-moving 
equipment  is  used  to  move  disturbed  soil  back  near  its 
original  place  and  to  contour  the  site.  Topsoil  is  replaced 
and  the  area  is  reseeded.  Surface  rehabilitation  may  be 
quite  difficult.  Access  roads  may  be  rehabilitated  to  pre- 
vious conditions,  abandoned,  administratively  closed,  or 
left  for  local  residents  to  use  and  maintain. 

No  unique  environmental  disruptions  are  likely.  Aban- 
donment should  result  in  the  removal  of  most  human- 
associated  structures  and  termination  of  development- 
related  activity  and  noise.  Wildlife  habitat  may  be 
restored  or  improved. 

It  is  oossible  that  disrupted  ecosystems  may  never  be 
totally  rehabilitated,  as  human  settlement  occurring  dur- 
ing development  and  production  may  persist.  Moreover, 
impacts  will  have  been  cumulative  over  many  years  dur- 
ing the  life  of  the  oil  field. 

IMPACTS  ON  WILDLIFE 

This  section  summarizes  the  effects  on  wildlife  be- 
havior, habitat,  and  populations  that  may  result  from 
the  environmental  disruptions  previously  described.  The 
report  also  includes  (1)  an  index  of  disturbances  (appen- 
dix A)  keyed  to  (2)  an  annotated  bibliography  (appendix 
B). 

The  index  is  organized  by  major  environmental  disrup- 
tions (headings)  and  their  primary  effects  (subheadings). 
Within  each  subsection,  keywords,  relating  to  numbered 
references,  describe  such  subjects  as  the  species  affected. 


the  agent  of  disruption,  the  specific  response  of  the  wild- 
life, the  significance  of  the  effect,  the  factors  affecting 
degree  of  response,  and  special  cases  of  high  sensitivity. 
The  outline  is  based  entirely  on  the  information 
presented  in  the  literature  reviewed;  therefore,  not  all 
subjects  are  included  in  each  section.  The  numbers  fol- 
lowing the  keywords  direct  the  user  to  the  annotations, 
which  discuss  the  effects  in  more  detail.  Annotations 
summarize  only  data  and  conclusions  judged  pertinent 
to  the  subject  of  this  paper,  and  may  not  represent  com- 
plete abstracts  of  entire  publications. 

The  outline  and  the  bibliography  must  be  used  to- 
gether for  full  benefit.  Such  a  format  presents— in  the 
outline— an  overall  summary  of  the  effects  of  each  dis- 
ruption. It  simultaneously  allows  research  results  to  be 
reported— in  the  annotations— in  greater  detail  and  in 
their  original  context.  This  also  avoids  repetition  of 
results,  as  many  of  the  publications  reviewed  address 
several  types  of  effects  and/or  disruptions  and  are  perti- 
nent to  several  sections. 

The  outline  is  also  intended  for  use  as  an  index  to 
quickly  direct  the  reader  to  those  subjects  of  most  in- 
terest. These  may  overlap  to  some  extent— such  as  noise 
and  aircraft  disturbance  or  noise  and  traffic.  However, 
distinctions  were  made  because  of  the  unique  combina- 
tion of  stimuli  included  in  each  effect.  For  instance,  air- 
craft disturbance  includes  a  specific  type  of  visual  stimu- 
lus as  well  as  a  noise  component.  Traffic  activities  may 


include  noise  and  visual  stimuli  but  are  distinct  because 
they  occur  along  a  fixed  corridor. 

To  facihtate  organization,  10  primary  effects  are  dis- 
tinguished. Papers  describing  neutral  or  positive  effects 
on  wildlife  are  also  listed.  The  paper  concentrates  on  pri- 
mary effects  that  result  directly  from  a  disruption.  The 
significance  of  the  effects  is  noted  when  addressed  in  the 
literature.  For  instance,  the  presence  of  human-associated 
structures  (disruption)  may  interfere  with  movement  (pri- 
mary effect),  which,  if  severe  or  prolonged,  may  then  re- 
sult in  reduced  reproductive  success  or  loss  of  available 
habitat  (significance).  Increased  human/wildlife  encoun- 
ters (disruption)  may  cause  animals  to  avoid  an  area  (pri- 
mary effect),  which,  over  time,  might  result  in  changes 
in  distribution,  or  alteration  of  activity  patterns  or 
movements  (significance).  Table  3  summarizes  the  pri- 
mary impacts  resulting  from  each  environmental  disrup- 
tion. Table  4  shows  the  significance  of  primary  effects. 

This  report  presents  a  "worst  case"  scenario  of  poten- 
tial effects.  Strategies  exist  that  allow  some  of  these  ef- 
fects to  be  minimized.  Moreover,  the  severity  of  an  effect 
is  site-specific  and  depends  on  such  factors  as  the  sensi- 
tivity of  the  species  involved,  the  nature  of  the  disrup- 
tion, characteristics  and  importance  of  the  affected  habitat, 
and  the  availability  and  condition  of  alternative  habitat 
(Hanley  and  others  1980;  Streeter  and  others  1979; 
USDA  1981b). 


Table  3.  — Primary  impacts  potentially  resulting  from  environmental  disruptions 


Environmental  disruption 


Primary  impact 


Noise 


Aircraft 


Human 
intrusion 


Traffic 

and 
access 


Structures 

and 
facilities 


Alteration 

of  vegetation/ 

land 


Harmful 
substances 


Interruption  of  activity/ 

alarm/flight 
Avoidance/displacement 
Permanent  loss  of  fiabitat 

use 
Decreased  reproductive 

success 

Interference  witti  movement 
Direct  mortality 
Interference  witti 

courtship 
Alteration  of  behavior 
Change  in  community 

structure 


Table  4.— Secondary  impacts  which  may  occur  as  consequences  of  primary  impacts 


Primary  impacts 

Secondary  impact 

Interruption  of 

activity/alarm/ 

flight 

Avoidance/ 
displacement 

Permanent 
loss  of 
habitat 

Decreased 

reproductive 

success 

Interference 

with               Direct 
movement       mortality 

Interference 
Nest/den               with 
abandonment       courtship 

Change  in 

community 

structure 

Alteration 

of 
behavior 

Decreased  use/temporary 
desertion  of 

traditional  areas 

X 

Shift  in  range 

X 

Change  in  distribution 

X 

Overutilization/over- 

population  of  adjacent 
habitat 

X 

X 

Use  of  marginal  habitat 

X 

Gradual  range 

abandonment 

X 

X 

Inefficient  use  of  habitat 

X 

X 

X 

X 

Mortality 
Reduced  feeding 

X 

X 

efficiency 

X 

X 

Change  in  activity 

patterns 
Interference  with/alteration 

X 

X 

of  movements 

X 

Decreased  availability/ 

elimination  of  food 

source 

X 

X 

, 

Inadequate  nutrition 
Insufficient  energy 

X 

reserves 

for  migration 
Reduction  in  numbers 

X 

X 

Adverse  physiological 
effects 

X 

X 

Disruption  of  social 

structure/group 
composition 
Reduced  reproductive 

X 

X 

potential/success 
Nest  desertion 

X 

X 

X 

X 

Decrease  in  nest  density/ 

sites 

X 

Delay/failure  to  den 

X 

Den  displacement 
Decreased  survival/loss 

X 

of  young 
Increased  use  of  alternate 

X 

X 

nests 

X 

Decrease  in  aquatic 

productivity 
Human  injury/property 

damage 

X 

X 

Delay/failure  to  reach 

traditional  range 
Ease  of  travel 

X 
X 

Increased  vulnerability 
to  predators 
Interference  w\{[\  mating 

X 

synchrony 

X 

ENERGETICS  OF  DISTURBANCE: 
IMPLICATIONS  FOR  ANIMAL 
PHYSIOLOGY 

Environmental  disruptions  may  have  an  additional 
subtle  but  important  effect  on  wildlife  often  overlooked 
by  resource  managers.  Any  changes  in  an  animal's  "nor- 
mal" routine  will  have  some  effect  on  the  energy  and 
nutrient  budgets  of  the  individual.  Energy  budgets 
describe  the  partitioning  of  energy  flow  in  the  animal 
body  (Hudson  and  Stelfox  1976).  The  bioenergetic 
approach  to  animal-habitat  relationships  assumes  that 
"undisturbed  animals  should  exhibit  patterns  of  activity 
and  habitat  selection  that  result  in  optimization  of 
energy  budget"  (Morganini  and  Hudson  1979).  Each 


species  possesses  strategies  to  maximize  homeostasis 
and  efficiency  of  nutrient  uptake  and  use,  so  that  a  max- 
imum amount  of  energy  is  spared  from  maintenance  for 
reproduction  (Geist  1978).  Energy  expenditure  is  related 
to  the  level  of  daily  activity  in  addition  to  maintenance 
of  homeothermy.  Deviations  from  normal  activity  pat- 
terns and  habitat  use  may  have  profound  effects  on  the 
energy  budget  and,  therefore,  the  welfare  and  produc- 
tivity of  an  animal  (Burton  and  Hudson  1978).  Negative 
effects  of  environmental  disruptions  (flight,  avoidance, 
interference  with  movement)  raise  the  energy  cost  of  liv- 
ing at  the  expense  of  energy  needed  for  reproduction  and 
growth  (Geist  1970).  This  increased  cost  results  from: 

1.  The  cost  of  physiological  excitement  preparing  the 
animal  for  exertion.  This  reaction  may  not  be  detectable 


10 


because  the  animal  "may  rigidly  control  its  skeletal 
muscles  while  its  organ  system  remains  prepared  for  in- 
stant exertion"  (Geist  1978).  Frequent  preparation  for 
flight  imposes  a  burden  on  the  energy  budget.  Increases 
in  heart  rate  have  been  shown  to  precede  or  occur  in  the 
absence  of  overt  behavioral  reactions  (MacArthur  and 
others  1979).  Geist  (1978)  states  that  excitement  gener- 
ally raises  an  animal's  metabolism  by  about  25  percent 
above  that  required  for  maintenance. 

2.  The  cost  of  locomotion  incurred  when  an  animal 
attempts  to  escape  a  disruption,  is  forced  to  deviate 
from  traditiongd  migration  routes,  etc.  This  cost  varies 
with  such  factors  as  speed,  distance,  and  terrain  (Geist 
1978).  According  to  Burton  and  Hudson  (1978),  flight  is 
the  most  energetically  expensive  activity.  Geist  (1971) 
calculated  a  21  percent  increase  in  cost  of  living  for  a 
caribou,  chased  by  aircraft,  which  ran  for  10  minutes, 
walked  1  hour,  and  remained  excited  for  1  hour  more. 
He  determined  this  expenditure  was  3  percent  more  than 
the  animal's  total  possible  forage  consumption.  The  addi- 
tional cost  must  then  be  drawn  from  energy  stores  at 
the  expense  of  reproduction  and  growth.  The  costs  of 
locomotion  and  excitation  are  very  high  compared  to 
normal  food  intake  and  energy  expenditures  (Geist  1978). 

3.  The  cost  of  lost  food  intake.  An  animal  responding 
to  a  disruption  is  not  able  to  eat;  feeding  time  is  there- 
fore lost.  In  addition,  feeding  behavior  is  dependent  on 
emotional  status.  Food  intake  decreases  when  an  animal 
is  disturbed  (Hudson  and  Stelfox  1976). 

4.  The  cost  of  suboptimal  habitat  selection.  Avoid- 
ance of  a  disruption,  interference  with  movement,  and 
vegetation  alteration  or  destruction  may  prevent  animals 
from  (1)  selecting  habitats  to  compensate  for  adverse 
climatic  conditions,  and  (2)  feeding  in  preferred  areas, 
where  forage  is  of  higher  quality  or  greater  availability. 
The  latter  may  contribute  to  the  decrease  in  food  intake. 
Low  quality  forage  is  digested  slowly  and  therefore  can- 
not be  consumed  in  quantity  (Hudson  and  Stelfox  1976). 
White  and  others  (1975)  found  that  forage  digestibility 
was  an  important  determinant  of  the  amount  of  food  re- 
tained as  fat  in  caribou  and  reindeer. 

If  an  animal  is  unable  to  compensate  for  such  in- 
creases in  its  cost  of  living,  reproduction,  growth,  and 
survival  may  be  adversely  affected  (Geist  1970;  Owens 
1977).  Geist  (1979  as  cited  in  Johnson  and  Lockman)  be- 
lieves that  animals  can  expend  relatively  little  "spare 
energy"  in  summer  without  running  an  energy  deficit. 
Increased  energy  costs  are  most  detrimental— for  ungu- 
lates in  particular— during  critical  times  of  the  year 
when  the  animals  are  already  in  a  state  of  negative 
energy  balance,  e.g.,  cold  weather,  late  pregnancy,  and 
fly  season  (especially  in  northern  regions)  (Geist  1971 
and  1978).  During  these  periods,  the  energy  deficit  is 
increased  through  the  negative  effects  of  disruptions. 
Increased  calf  mortality,  delayed  maturity  and  smaller 
body  size  of  adults,  reduced  survival  in  winter  due  to 
insufficient  fat  reserves,  and  decreased  reproductive  per- 
formance may  result  (Geist  1979  as  cited  in  Johnson  and 
Lockman;  Moen  1978).  The  demands  of  reproduction  are 
fixed  in  time  (highest  in  late  winter,  early  spring)  and 
must  be  met,  or  productivity  is  reduced.  White-tailed 


Ungulates,  such  as  these  mule  deer  fleeing 
from  a  helicopter,  are  one  of  the  major  wild- 
life groups  affected  by  petroleum  activities, 
and  are  stressed  in  this  review. 


deer  produce  smaller  fawns  in  late  spring  when  a  lack  of 
nutritional  forage  creates  a  negative  energy  balance 
(Moen  1978).  Deer  are  able  to  conserve  substantial 
amounts  of  energy  in  winter  by  decreasing  their  activity. 
Increasing  physical  and  physiological  activity  in  re- 
sponse to  environmental  disruptions,  however,  negates 
the  advantages  of  this  adaptation  (Moen  1976).  White 
and  others  (1975)  found  that  harassment  by  insects  can 
substantially  raise  the  maintenance  energy  requirements 
of  caribou  by  increasing  the  amount  of  time  the  animals 
spend  standing  and  moving,  and  reducing  feeding  and 
resting  time.  Additional  energy  costs  at  this  time  may 
cause  disease  or  even  death  (Geist  1971). 

The  ability  of  both  wild  and  domesticated  reindeer  to 
adapt  to  changes  in  their  environment  and  to  adjust  to 
disturbances  is  evidently  influenced  by  the  animal's 
physical  condition.  Migrations  are  easily  disrupted,  and 
traditional  ranges  abandoned,  when  the  reindeer  are  in 
poor  physical  shape  (Klein  1971).  It  therefore  seems  pos- 
sible that  the  negative  effects  of  environmental  disrup- 
tions, by  creating  an  energy  deficit  that  adversely  affects 
an  animal's  physical  condition,  may  reduce  the  in- 
dividual's ability  to  respond  to  subsequent  disruptions, 
thereby  potentially  causing  greater  energy  deficits  and 
accelerating  the  negative  consequences. 
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MITIGATION 

Mitigation'  may  be  defined  as  "a  class  of  actions 
which  have  the  purpose  of  counteracting  the  effects  of 
disruptions  on  the  natural  environment  and  on  renewa- 
ble resources,  associated  with  new  physical  structures 
and/or  construction  activities,  and/or  management  objec- 
tives and  practices"  (Jahn  1979).  It  refers  to  "manage- 
ment to  reduce,  abate,  or  alleviate  an  adverse  impact." 
It  generally  does  not  refer  to  complete  prevention  of 
impacts,  but  rather  implies  that  some  losses  wUl  occur. 
The  goal  is  to  make  that  loss  less  severe  (Thompson 
1979).  This  section  discusses  planning  for  mitigation  and 
describes  general  approaches  for  minimizing  the  adverse 
impacts  of  petroleum  exploration  and  development  on 
wildlife  including  (1)  project  management.  (2)  wildlife 
management,  and  (3)  personnel  management. 

Planning 

The  following  points  should  be  considered  in  planning 
for  mitigation: 

1.  Mitigation  is  more  likely  to  be  implemented  when 
it  is  an  integral  part  of  the  original  planning  process. 
Wildlife  needs  and  objectives  should  be  considered  at  the 
earliest  planning  stage,  i.e..  when  leasing  decisions  are 
made  (McGowan  1978;  Short  and  Schamberger  1979; 
Streeter  and  others  1979).  The  sequence  of  leasing  may 
determine  future  effects  on  wildlife.  Wildlife  biologists 
may  influence  this  by  (1)  recommending  at  this  early 
stage  a  preferred  sequence  of  development,  based  on  bio- 
logical values  and  priorities,  which  ranks  the  suitability 
of  lands  for  development,  and  (2)  by  providing  alternative 
leasing  possibilities  and  "trade-off  plans"  for  sensitive 
areas  selected  for  development.  Appropriate  mitigation 
measures  may  then  be  incorporated  into  the  initial  pro- 
ject design.  This  strategy  may  be  more  effective  and 
manageable  than  responding  to  each  permit  after  lease 
decisions  have  been  made  (McGowan  1978;  Pamplin 
1979;  Streeter  and  others  1979). 

2.  "An  accurate,  timely,  well-formulated,  and  com- 
plete description  of  biological  resources  and  their 
responses  to  disturbance  provides  the  basis  for  informed 
decisions  regarding  those  resources"  (Hanley  and  others 
1980).  Implementation  of  baseline  studies  and  develop- 
ment of  a  comprehensive  biotic  resource  data  base 
describing  predevelopment  environmental  conditions  will 
provide  a  basis  for  (1)  deciding  whether,  where,  and  how 
to  develop,  (2)  identifying  sensitive  wildlife  and  habitats. 
(3)  predicting  effects,  (4)  developing  mitigation  and 
monitoring  programs,  and  (5)  gaining  insights  into  effects 
through  postdevelopment  comparison  (Deitz  1979;  Hanley 
and  others  1980).  The  ability  to  demonstrate  the  pres- 
ence of  critical  wildlife  populations  or  habitats  and  their 
sensitivities  to  potential  disruptions  will  strengthen  the 
wildlife  manager's  position  in  the  decision-making  proc- 
ess and  help  ensure  protection  for  wildhfe.  At  the  early 
stages  of  planning  for  development,  resource  managers 
should  identify  the  likely  range  of  wildlife  issues,  deter- 
mine what  information  is  needed,  and  establish  tentative 
priorities  for  obtaining  it.  The  following  points  should  be 
considered  when  making  decisions  regarding  information 
requirements  (Hanley  and  others  1980).^ 


—  Acquire  as  complete  a  resource  information  base  as 
conditions  allow. 

—  Choices  must  be  made  about  the  information  that 
has  highest  priority,  and  decisions  made  about  the  mini- 
mum level  of  information  that  allows  an  accurate  and 
satisfactory  estimation  of  impacts. 

—  The  ultimate  goal  is  to  minimize  negative  effects  on 
wildlife;  therefore,  emphasis  should  center  on  acquisition 
of  information  that  will  help  decision  makers  achieve 
this  goal. 

—  The  detail  of  information  aveiilable  for  a  particular 
site  may  affect  the  resource  management  philosophy  ap- 
phed  to  the  site. 

—  Information  needed  for  decisions  must  be  available 
at  the  right  time. 

—  Information  needs  tend  to  become  more  specific 
and  detailed  as  the  decision  process  progresses  from 
early  to  late  phases. 

—  Identification  of  ecologically  sensitive  and/or  valua- 
ble areas  is  a  primary  information  need  during  all  phases 
of  development. 

—  Time  and  money  spent  on  information  collection 
and  dissemination  should  reflect  the  potential  for.  and 
severity  of.  effects  of  a  proposed  activity. 

3.  Wildlife  managers  should  participate  in,  and  in- 
fluence, the  estabUshment  of  stipulations— that  is,  proce- 
dural, environmental,  and  technical  requirements  to  be 
met  by  developers  in  all  phases  of  activity— to  ensure 
maximum  protection  of  wildlife.  These  should  be  based 
on  an  evaluation  of  potential  effects  and  should  be  in- 
cluded in  the  lease  or  right-of-way  agreement  (Hanley 
and  others  1980;  McGowan  1978;  Streeter  and  others 
1979).  Stipulations  may  include  (1)  no  surface  occupancy 
on  selected  areas,  (2)  restrictions  on  the  season  of  opera- 
tion, (3)  special  reclamation  requirements,  (4)  restrictions 
on  the  rate  of  development  and  location  of  wells  and  facil- 
ities, (5)  road  closure  requirements  (USDA  1981a),  and 
numerous  other  measures  as  necessary.  Standard  stipu- 
lations developed  by  the  land  management  agency  are 
generally  supplemented  by  special  stipulations  specific 
to  a  project.^ 

4.  Provision  of  a  plan  to  monitor— in  the  field- 
development  activities,  effects  on  wildlife,  and  mitigation 
efforts  should  be  considered  essential,  and  may  be  in- 
cluded in  the  lease  agreement  (Dietz  1979;  Pamplin  1979; 
USDA  1981b).  The  goals  of  a  monitoring  program,  as 
stated  by  U.S.  Department  of  the  Interior  (1981b)  are  as 
follows: 

—  To  determine  if  the  impact  predictions  are  accurate. 

—  To  discover  unanticipated  and/or  unpredictable 
impacts. 


"A  very  comprehensive  treatment  of  the  subject,  including  discussions 
on  techniques,  planning,  problems,  evaluation  and  inventory  of  habitats 
and  impacts,  etc..  for  many  forms  of  development  is  available  in 
Swanson  11979). 

A  very  comprehensive  discussion  ot   'information  needs  for  natural 
resource  protection  during  petroleum  development"  is  available  in  Hanley  and 
others  (1980).  which  can  be  obtained  from  the  Office  of  Biological  Serv- 
ices, U.S.  Fish  and  Wildlife  Services.  1011  E.  Tudor  Rd.,  Anchorage.  AK 
99507. 

Consult  completed  environmental  impact  statements  and  Hanley  and 
others  (1980)  for  specific  examples  of  stipulations. 
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—  To  determine  if  mitigation  measures  are  working  as 
prescribed. 

—  To  determine  if  the  action  is  fulfilling  the  purpose 
and  need  for  which  it  was  developed. 

—  To  assist  in  resolving  differences  of  opinion  con- 
cerning impacts. 

—  To  assure  that  decisions  are  being  implemented. 
Provisions  should  be  made  during  the  planning  stage 

to  allow  for  modification  of  ongoing  mitigation  activities 
if  judged  necessary  as  a  result  of  the  monitoring  pro- 
gram (Jahn  1979).  A  unique,  interagency  surveil- 
lance/monitoring system— the  Joint  Fish  and  Wildlife 
Advisory  Team  (JFWAT)— was  organized  to  provide  for 
the  protection  of  fish  and  wildlife  resources  during  con- 
struction of  the  Trans-Alaska  Pipeline.  The  team  consisted 
of  State  and  Federal  biologists  working  jointly  to  ensure 
compliance  with  environmental  stipulations,  address  fish 
and  wildlife-related  problems  developed  during  the  course  of 
development,  and  offer  advice  on  how  best  to  protect 
these  resources  (Kavanagh  1977;  Klein  1979;  Morehouse 
and  others  1978;  Pamplin  1979)."^ 

Approaches  for  Minimizing  Negative 
Effects  on  Wildlife 

PROJECT  MANAGEMENT 

(Sources:  Banfield  1971;  Barry  and  Spencer  1976;  Calef 
and  others  1976;  Interstate  Oil  Compact  Comm.  1974; 
Lyon  1975;  Miller  and  Gunn  1980;  Pedersen  1978; 
Stalmaster  and  Newman  1978;  Streeter  and  others  1979; 
Stubbs  and  Markham  1979;  Thompson  1979;  USDA 
1981b;  USDI  1976a,  1981a,  1981b;  USDI  and  Fed. 
Energy  Comm.  1981;  Ward  1973.) 

The  development  project  can  be  managed  by  any  or  all 
of  the  following  means  to  minimize  negative  effects  on 
wildlife.  A  local  data  base  identifying  sensitive  species, 
habitats,  and  times  of  year  will  be  necessary  for  defining 
restrictions  on  development. 
1.  Spatial  management 

—  Avoidance  by  development  activities,  roads,  facili- 
ties, and  structures,  of  locations  which  are  sensitive 
and/or  critical  to  wildlife,  for  example,  ungulate  winter 
ranges,  breeding  areas,  raptor  nests,  waterfowl  molting 
and  staging  areas,  critical  habitat  of  endangered  species. 

—  Use  of  buffer  zones  or  screens  to  reduce  wildlife 
visual  contact  with  roads  and  development  activity. 
Buffers  may  include  topographic  barriers,  vegetation, 
and/or  distance,  and  are  especially  recommended  for  elk 
and  raptors. 

—  Provision  of  security  areas,  especially  for  ungu- 
lates, which  contain  necessary  habitat  elements  and  are 
sheltered  from  disturbance.  This  may  be  accomplished 
by  restricting  roaded  activities  to  one  out  of  two  adja- 
cent drainages  at  any  one  time.  Ridgelines  should  not  be 
developed  in  any  way. 

—  Maintenance  of  security  cover  in  wildlife  travel 
lanes. 


These  references  provide  further  descriptions  of  JFWAT's  organiza- 
tion and  operation  and  give  recommendations  for  the  formation  of  future 
teams.  Hanley  and  others  11980)  also  discuss  surveillance  programs. 


—  Restriction  of  aircraft  activity  to  defined  flight 
paths  which  avoid  sensitive  areas. 

2.  Temporal  management 

—  Restriction  of  activities  to  seasons  and/or  times  of 
noncritical  wildlife  use.  Managers  should  compile  a  hst 
of  dates  when  development  activities  should  be  pro- 
hibited in  certain  locations  due  to  specific  needs,  such  as 
breeding,  calving,  migration  or  local  movements,  molting 
(waterfowl),  etc. 

3.  Operational  management 

—  Employment  of  techniques  and  methods  of  de- 
velopment which  may  reduce  negative  effects  on  wildlife. 
Examples  include: 

—  Reductions  of  surface  use  requirements  and 
facility  duplication  by  joining  numerous  leases 
into  a  unitized  field. 

—  Coordination  of  proposed  activities  to  control 
the  number  of  roads,  rights-of-way,  etc.  Rights- 
of-way  can  accommodate  several  pipelines 
and/or  powerlines  to  minimize  habitat 
destruction. 

—  Use  of  helicopter  support,  where  possible,  in 
sensitive  areas. 

—  Control  of  aircraft  altitude,  scheduling,  and  ac- 
tivities. Following  and  circling  wildlife  should 
be  prohibited. 

—  Closure  of  oil  field  access  to  unauthorized  traf- 
fic, and  permanent  closure  and  rehabilitation  of 
roads  no  longer  needed. 

—  Regulation  of  oil  field  traffic  to  control  speeds, 
numbers  of  vehicles  using  the  road,  and/or  tim- 
ing of  use. 

—  Design  of  fences,  pipelines,  and  aboveground 
structures,  and  construction  of  highway  under- 
passes (Reed  and  others  1975)  to  minimize  in- 
terference with  wildlife  movements. 

—  Burial  of  utility  lines  in  areas  with  high  colli- 
sion risk  for  birds. 

—  Seeding  of  roadsides  with  plant  species  unpalat- 
able to  wildlife  and  planting  "feed  plots"  away 
from  the  road  to  reduce  wildlife-vehicle  colli- 
sions and  poaching. 

—  Insulation  of  noise  sources,  especially  compres- 
sor station. 

—  Covering,  fencing  and/or  elimination,  and  even- 
tual rehabilitation,  of  oil  field  sump  pits. 

WILDLIFE  MANAGEMENT 

The  behavior  of  mammals  is  influenced  by  their  ability 
to  learn.  Teaching  animals,  by  using  the  principles  of 
learning  behavior,  can  be  a  management  tool  used  to  as- 
sist wildHfe  in  adjusting  to  change  resulting  from  human 
activity  (Geist  1978).  Habituation  to  humans  allows 
wildlife  to  efficiently  use  habitat  near  human  activity, 
without  expending  large  amounts  of  energy  in  physiolog- 
ical stress  and  fear  responses  (Tracy  1977).  According  to 
Geist  (1978),  animals  have  the  ability  to  habituate  to 
humans,  and  are  only  as  wild  as  we  teach  them  to  be. 

An  animal  functions  best  in  a  famiUar,  predictable  en- 
vironment. It  learns  to  respond  in  definite  ways  to  given 
stimuli  to  reduce  uncertainty  and  indecision,  and  to 
make  adjustments  (for  example,  flight)  to  achieve  a 
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familiar  environment.  It  will  initially  react  to  an  un- 
familiar stimulus  with  a  combination  of  fear  and  curi- 
osity. The  animal's  subsequent  reactions  to  the  stimulus 
depend  on  the  experiences  associated  with  it  (Geist  1978; 
Tracy  1977).  Geist  (1970)  states  that  a  wild  ungulate's 
behavior  toward  humans  is  largely  a  consequence  of  our 
behavior  toward  the  animal.  If  an  encounter  with  hu- 
mans is  followed  by  an  alarming  event,  such  as  pursuit, 
the  animal  will  respond  to  subsequent  similar  encounters 
with  alarm,  flight,  and  avoidance.  If  the  initial  alarm  re- 
sponse is  not  reinforced  during  the  first  encounters, 
habituation  will  occur.  If  the  animal  is  rewarded,  it  will 
become  attracted  to  humans.  An  animal  may  generalize 
to  stimuH  which  it  perceives  as  similar.  Large  mammals 
that  are  hunted  cannot  be  expected  to  habituate  to 
hikers,  as  they  will  generalize  from  hunters  to  other  hu- 
mans (Geist  1978;  Tracy  1977).  WildHfe  will  become 
habituated  to  predictable  events  that  are  not  followed  by 
painful  and/or  harmful  events  (Geist  1971). 

Habituation  ability  varies  among  wildlife  species  and 
is  influenced  by  the  species'  learning  abihty,  perceptive 
abilities,  and  sensitivity  threshold,  and  by  the  type  of 
stimulus  (Geist  1978;  Tracy  1977).  Geist  lists  three  types 
of  harassing  stimuli  for  ungulates:  (1)  those  that  are  not 
familiar  or  predictable,  (2)  those  involving  sharp  con- 
trasts or  sudden  changes  in  the  environment,  for  exam- 
ple, quick  movements,  sudden  loud  noises,  and  (3)  those 
to  which  an  animal  responds  innately  with  alarm.  The 
latter  are  generally  used  to  identify  dangers  present 
throughout  the  species'  evolution— predators  and  natural 
environmental  hazards— and  are  not  easily  modified  by 
learning  (Bergerud  1974).  A  direct,  close  approach  may 
produce  such  evolutionarily  based  fear  responses  in  a 


number  of  species,  as  it  is  generally  associated  with 
predators  (Tracy  1977). 

Habituation  by  wildlife  to  human  activities  can  be  en- 
couraged by  (1)  avoiding  or  minimizing  fear-provoking 
stimuli— direct  approaches,  stalking,  loud  noises,  quick 
movements,  etc.— during  human-wildlife  encounters,  (2) 
controlling  the  timing,  frequency,  and  intensity  of 
human  activities  to  make  them  more  regular,  and  there- 
fore more  predictable,  and  (3)  minimizing  the  frequency 
and  intensity  of  human-wildlife  encounters  during  times 
when  wildlife  are  particularly  sensitive  to  disturbance 
(Tracy  1977). 

Habituation  may  be  an  advantage  to  wildlife  in  many 
situations,  as  it  allows  emimals  to  more  efficiently  use 
habitat  near  human  activity.  However,  in  some  cases, 
habituation  could  be  potentially  detrimental  to  wildHfe. 
In  particular,  animals  that  adapt  to  human  activity 
along  roads  may  be  more  susceptible  to  poaching,  hunt- 
ing, and  collisions  with  vehicles.  Data  show  that  elk 
habituated  to  a  highway  in  Glacier  National  Park  and 
furbearers  wziiting  for  "handouts"  along  the  Alaska 
pipeline  haul  road  have  been  vulnerable  to  poaching 
(Milke  1977;  Singer  1975).  The  feasibility  and  desirabihty 
of  encouraging  habituation  will  vary  with  the  situation. 
Future  land  use  plans  and  objectives— especially  with  re- 
gard to  access— and  the  ability  to  control  human  activity 
such  as  hunting,  poaching,  and  use  of  roads  should  be 
considered.  The  potential  benefits  and  harm  to  wildlife 
resulting  from  habituation  should  be  evaluated  for  each 
project.  Knowledge  of  local  wildlife  populations  and  their 
behavior  and  an  understanding  of  habituation  are  critical 
to  decisions  concerning  the  compatibility  of  petroleum 
development  and  wildlife. 


The  large  aboveground  Alaska  pipeline  may  affect  some  animal  movements,  but  these 
grizzly  bears  moved  beneath  it. 
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PERSONNEL  MANAGEMENT 

(Sources:  Streeter  and  others  1979;  Stubbs  and 
Markham  1979;  USDA  1981b;  USDI  1976a;  USDI  and 
Fed.  Energy  Reg.  Comm.  1981). 

The  negative  effects  of  petroleum  development  on 
wildlife  can  be  further  reduced  by  regulating  the 
activities  of  oil  field  workers  to  minimize  interactions 
with  wildlife. 

The  following  methods  are  suggested: 

—  Company  provision  of  housing  and/or  camping 
areas  in  locations  that  avoid  sensitive  wildlife  areas  (elk 
meadows  and  desert  bighorn  and  quail  water  sources), 
and  restrictions  on  "squatting"  in  such  critical  areas. 

—  Busing  of  employees  from  living  quarters  to  the 
work  site.  This  has  been  shown  to  significantly  reduce 
the  incidence  of  poaching  (Streeter  and  others  1979). 

—  No  firearms  on  the  project  site  and  in  vehicles 
using  oil  field  access  roads. 

—  No  recreational  off-road  vehicles  on  oil  field  access 
roads. 

—  Specifications  for  garbage  and  food  handling  and 
disposal  to  prevent  wildlife  attraction. 

—  No  feeding  of  animals. 

Regulations  must  be  backed  by  cooperative 
enforcement,  effective  penalties,  and  a  firm  commitment 
by  management  (USDI  1976a;  USGS  1979).  In  addition, 
petroleum  companies  may  be  required  to  provide 
environmental  education  programs  for  all  personnel, 
including  truck  drivers  (USDI  1976a).  Such  a  program 
might  discuss:  (1)  basic  concepts  of  ecology  and  animal 
behavior,  (2)  rules,  regulations,  and  suggestions  for 
minimizing  the  effects  of  human  activity  on  the 
environment,  (3)  the  biotic  resources  found  in  the  area, 
and  (4)  the  ethics  and  responsibihties  involved  in 
outdoor  recreation.  The  Overthrust  Industrial 
Association^  (1981c)  is  planning  an  Environmental 
Awareness  Training  Program. 


CONCLUSIONS 

Research  on  the  potential  effects  of  human  activities 
on  wildlife  has  concentrated  primarily  on  documenting 
observable,  behavioral  responses  of  wildlife  to  human- 
caused  disturbance.  Many  results  are  conflicting.  Few 
studies  have  conclusively  demonstrated  the  effects  of 
human  activities  on  the  survival  or  productivity  of  wild- 
life populations.  This  may  not  be  easily  shown  due  to 
the  number  of  factors  involved  (Jingfors  and  Gunn 
1981),  the  lack  of  environmental  control,  and  the  difficul- 
ties in  devising  appropriate  methodology.  Moreover,  it  is 
often  difficult  to  separate  natural  variations  in  popula- 
tion from  human-caused  variations  without  baseline, 
predisturbance  data  (Hanley  and  others  1980).  Such  data 
have  not  been  available  for  many  studies,  which  were  in- 
itiated in  response  to  environmental  disruptions  from  on- 
going activities.  Efforts  should  be  made  to  gather  base- 
line data  which  will  allow  more  definitive  conclusions 
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from  future  studies,  based  on  long-term  comparisons  of 
predisturbance  and  postdisturbance  data.  Until  such 
results  are  available,  wildlife  managers  will  have  to  rely 
on  behavioral  observations  and  generalizations  if  they 
are  to  minimize  the  negative  effects  of  current  develop- 
ment. The  following  conclusions  may  be  drawn  from  the 
literature  currently  available: 

1.  The  potential  effects  of  petroleum  development  on 
wildlife  in  wildland  environments  are  numerous  and 
varied. 

2.  The  severity  of  the  effect  is  site-specific  and  de- 
pends on  such  factors  as  (a)  the  sensitivity  of  the  species 
affected,  (b)  the  nature  of  the  disruption,  (c)  the  charac- 
teristics and  importance  of  the  affected  habitat,  and  (d) 
the  availability  and  condition  of  alternative  habitat. 

3.  The  major  wildUfe  groups  affected,  as  reflected  by 
emphasis  in  the  literature,  are  ungulates,  carnivores, 
water  birds,  upland  birds,  and  raptors.  Small  birds  and 
mammals  may  be  affected  in  large  numbers,  but  gener- 
ally only  locally.  They  are  more  capable  of  rapid  recov- 
ery because  of  their  high  reproductive  rate  and  wide 
distribution. 

4.  Response  to  disruptions  varies  among  species 
and/or  individuals  and  is  dependent  on  numerous  factors 
including:  (a)  the  previous  experience  of  the  animal  with 
a  given  disruption,  (b)  characteristics  of  the  disruption, 
(c)  characteristics  of  the  habitat,  (d)  characteristics  of 
the  animal  and/or  group,  and  (e)  timing  of  the  disruption 
in  relation  to  critical  periods  of  the  animal's  Ufe  cycle. 

5.  The  effects  of  petroleum  development  may  be 
most  criticcil  in  certain  highly  sensitive  situations  includ- 
ing: (a)  during  times  when  animals  are  already  stressed 
by  natural  conditions,  (b)  in  habitats  traditionally  used 
by  populations  during  critical  periods  of  their  life  cycle, 

(c)  for  species  whose  social  organization  and/or  behavior 
makes  them  particularly  susceptible  to  disturbance,  and 

(d)  for  certain  sex/age  groups  of  animals. 

6.  An  understanding  of  general  concepts  of  animal 
behavior  and  energetics  is  necessary  to  fully  comprehend 
the  consequences  of  petroleum  development  activities  on 
wildlife. 

7.  Negative  effects  can  be  minimized  by  numerous 
means,  including  project,  wildlife,  and  personnel 
management. 
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APPENDIX  A:  BIBLIOGRAPHIC 
INDEX 

Numbers  refer  to  entries  in  annotated  bibliography. 

Noise 

1.  Interrupted  Activity/Flight 
Species  affected 

general  14 
big  game  38 
Dall  sheep  100.  104 
mountain  goats  90 
moose  100 
caribou  100 
waterbirds  13 
brant  81 
bald  eagle  94 
Agent  of  disruption 
tourists  100 
gunshots  81,  94 
supersonic  jet  13 
vehicles  90 
blasting  104 

Highly  sensitive  situations 

initial  exposure  to  sound 

14,  38,  90 
sudden  loud  noise  14,  81, 

90,  94,  100 

Factors  influencing  magnitude  of 

effect 

experience  associated  by  animal 

with  sound  38,  90,  100 
proximity  of  sound  81 
intensity  of  noise  13 
biological  state  of  animal  14 

2.  Avoidance/Displacement 

(refer  also  to  table  5) 

Species  affected 

general  14,  22,  42.  46.  102 

big  game  38 

caribou  103.  104 

elk  58,  111 

Dall  sheep  103 

moose  70 

reindeer  33,  98 

lambs  2 

waterfowl  103,  104 

snow  goose  10 

falcons  104 

Agent  of  disruption 

drilling  58 
traffic  111 
sonic  booms  22.  33 
blasting  104 

compressor  station  simulation 
10,  103 
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Table  5.— Maximum  land  areas  avoided  by  wildlife  due  to  noise  of  pipeline 
surveillance  aircraft  flying  at  500  ft  (table  3.1.1.  15-5  in  reference 
103) 


Estimated 

Estimated  maximum 

Season 

total 

area  (mi^) 

or 

pipeline 

avoided 

Wildlife 

activity 

miles^ 

by  wildlife 

Caribou 

Calving 
Postcalving 

58 

19 

aggregation 

38 

12 

May/June 

90 

30 

July/August 

58 

19 

Sheep 

Summer  range 

13 

26 

Moose 

— 

8 

1 

Grizzly  bears 

— 

99 

32 

Snow  geese 

Premigratory 

staging  grounds 

77 

770 

'Data  supplied  by  Northern  Engineering  Services  Co.,  Ltd. 


Significance 

decreased  use  of  traditional  areas 

10,  42,  58,  102.  103.  Ill 
nest  desertion  104 

Factors  influencing  magnitude  of 
effect 

experience  associated  by  animal 

with  sound  14.  38.  46.  58,  104 
unexpected  sounds  14.  81 
regularity/frequency  of  noise  2. 

14,  22,  33.  38.  58.  81.  98,  104 
sound  localization/extent  of 

influence  38,  58,  102 
intensity  of  noise  2,  102,  111 
proximity  of  sound  104 
combination  of  sound  with  visual 

stimulus  14,  70,  98 
biological  state  of  animal  14,  33. 

98 

activity  of  animal  33 
season  103 

Highly  sensitive  situations 

initial  exposure  to  noise  14,  22 
sudden  loud  noise  14.  98 
staging  geese  10 
winter  98 
calving  98 

female/young  100.  104 
breeding  14.  33 
colonial  nesters  22 

Interference  with  Movement 

Species  affected 

caribou  103 

snow  geese  10.  103 

Highly  sensitive  situations 

staging  geese  10.  103 
Agent  of  disruption 
compressor  station  simulation 
10.  103 


Specific  effect 

deflection  of  movement  10.  103 
Significance 

insufficient  energ>'  reserves  for 
migration  10,  103 
Interference  with  Courtship 

Species  affected 

general  72 

prairie  chicken  107 

Agent  of  disruption 

oil  field  operations  107 

Specific  effect 

masking  of  courtship  signals 

72.  107 
Neutral/Positive  Effects 

Species  affected 

general  14.  22.  38.  102 
moose  70 
reindeer  33.  98 
caribou  104 
Dall  sheep  104 
mountain  goat  90 
elk  111 
lambs  2 
bald  eagle  94 
geese  81 
falcons  104 
wild  turkey  66 

Agent  of  disruption 

tourists  90 
trains  90 

industrial  activity  38 
sonic  boom  33,  66 
blasting  104 
shooting  81 
airport  14,  38 
traffic  70,  111 
construction  104 


Aspect 

behavioral  reaction  to  noise  ■  all 

references 
use  of  noisy  areas  14,  38,  102, 

104 
productivity  66 

Aircraft  Disturbance 

1.   Interrupted  Activity/Flight 

Species  affected 

Dall  sheep  103 

musk-ox  76.  77 

pronghorn  65 

caribou  6.  15.  41.  56.  76.  103 

moose  56,  103 

reindeer  98 

grizzly  bear  44,  56,  87,  103 

wolf  103 

shorebirds,  waterfowl  7,  13,  120 

snow  goose  10.  105 

Canada  goose  103 

brant  81.  89 

common  eider  103 

raptors  103 

Agent  of  disruption 

helicopter  6.  7.  15.  41,  44,  56,  65, 
76,  77,  81.  87.  89.  103.  120 

fixed-wing  aircraft  6.  15,  44,  56, 
81,  89,  103 

Factors  influencing  magnitude  of 
effect 

animal's  previous  experience 

with  disruption  44,  56,  65,  77,  87 
aircraft  altitude  7,  10  15,  56,  65, 

76,    81,  103,  105 
aircraft  distance  65,  76,  81,  103 
aircraft  flight  characteristics  15, 

76,  77,  81,  103 
noise  65,  81 
type  of  aircraft  6,  10,  15,  44,  56, 

81,  87 
animal's  experience  with  being 

hunted,  captured  from  aircraft 

44,  87,  103 
timing  of  overflights  76,  77,  89 
season  15,  56,  103 
degree  of  insect  harassment 

15,  56 
rutting  activity  77 
recent  exposure  to  wolf  attack  77 
activity  of  animal  15,  56,  76,  103 
presence  of  calves  76 
size  of  group  15,  56,  76,  103 
separation  of  cow  and  calf  41 
terrain  76,  103 
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Highly  sensitive  situations 

incubating  birds  103 

staging  geese  10,  105 

calves  15,  41 

female/young  15,  41,  56,  76,  103 

molting  waterfowl  89 

winter  15,  103 

calving  15 

rut  15 

insect  season  15,  56 

animals  hunted/captured  from 

aircraft  44,  87,  103 
landing/combination  with  human 

disturbance  76,  77 
low  altitude  flights  7,  56,  65,  77, 

81,  105 
circling/following  15,  76,  77,  103 
heUcopters  6,  7,  15,  44,  56,  81, 

87,  103 

2.  Avoidance/Displacement 
(refer  also  to  table  5) 

Species  affected 

musk-ox  103 
Ball  sheep  103 

Agent  of  disruption 

helicopter  103 

Significance 

decreased  use  of  traditional 

area  103 
temporary  desertion  of  area  103 
shift  in  summer  range  103 

3.  Decrease  in  Reproductive  Success 
Species  affected 

shorebirds,  waterfowl  7,  103 
brant  103 
bald  eagle  103 
grizzly  bear  87 

Factors  influencing  magnitude  of 
effect 

combination  with  on-the-ground 
human  disturbance  103 

Agent  of  disruption 

helicopter  7,  87,  103 
nest  survey  103 

Specific  effect 

lower  nest  success  103 
decreased  production  of 

young  103 
loss  of  eggs  7,  103 
nest  abandonment  103 
den  abandonment  87 

4.  Interference  with  Movement 
Species  affected 

caribou  6 

Agent  of  disruption 

jet-copters  6 


Specific  effect 

alter  direction  of  travel  6 
5.  Neutral/Positive  Effect 
Species  affected 

musk-ox  76.  77,  103 
deer  65 
moose  56 
caribou  6,  15 
wolf  56,  71,  103 
waterbirds  13,  103,  120 
wading  birds  60 
brant  89 
oldsquaw  120 

Factors  influencing  magnitude 
of  effect 

frequency  of  exposure/airfield 

nearby  65,  103,  120 
animal's  previous  experience 

with  disruption  56,  71,  76,  77, 

103 
aircraft  altitude  6 
type  of  aircraft  6 
timing  of  overflights  76,  77 
season  15 
lack  of  negative  associations  by 

animal  71,  103 
Agent  of  disruption 
float  plane  103 
helicopter  6,  15,  60,  65,  76,  77, 

120 
fixed-wing  aircraft  6,  60,  71,  103 

Aspect 

behavioral  reaction  to  aircraft  - 

all  references 
nest  density  120 
herd  sphntering  76,  77 
range  abandonment  76,  77 
abandonment  of  calves  15 

Increase  in 

Human/Wildlife 

Encounters 

This  section  considers  the 
increasing  wildlife-human  encoun- 
ters, both  direct  and  indirect, 
resulting  from  the  greater  human 
demand  on  wildlife  habitat  that 
accompanies  oil  field  exploration 
and  development.  It  includes 
(1)  activities  directly  associated 
with  specific  development  opera- 
tions and  facilities  (generally  local- 
ized and  predictable)  and  (2)  secon- 
dary activities  related  to  increases 
in  population  and  access  resulting 
from  oil  field  development  (gener- 
ally widespread,  less  predictable, 
and  permanent).  Traffic  and  road- 
related  activities  are  discussed 
separately. 


1.   Interrupted  Activity /Flight 
Species  affected 

bighorn  sheep  48,  59,  64,  114 

elk  1,  88,  90 

deer  9,  11,  84 

moose  1,  70 

caribou  25 

mountain  goat  90 

brown  bear  100 

wolf  19,  71 

waterbirds  13 

common  loon  99 

brant  81 

bald  eagle  94 

osprey  3 

Significance 

reduced  nest  success  3,  99 
reduced  feeding  efficiency  81 

Agent  of  disruption 

recreation  3,  13,  19,  81,  99,  100 
approach  by  human  1,  11,  19,  25, 

48,  59,  64,  70,  71,  88,  90,  94, 

114 
harassment  88 
human  scent  100 
snowmobile  1 1,  84 

Highly  sensitive  situations 

female/young  1,  25,  64 

incubation  99 

ground  nesting  birds  3 

adult  or  feeding  bald  eagles  94 

Factors  influencing  magnitude 

of  effect 

animal's  previous  experience 

with  disruption  1,  9,  19,  70,  90, 

94,  99.  100 
manner  of  human  approach  1,  48, 

59,  64,  70,  84,  88,  99,  114 
proximity  of  activity  13,  19,  25, 

48,  94 
amount  of  movement  13 
terrain,  vegetation  1,  19,  84,  94 
animal  group  size  1,  25,  48 
age  of  animal  94 
activity  of  animal  70 
physiological  status  1 
relation  of  cover  13,  48,  64,  70, 

84 
2.   Avoidance/Displacement 
Species  affected 
large  mammals  36 
elk  58,  63,  67,  82,  111,  112,  113, 

121 
deer  26,  30,  50 
pronghorn  107 
red  deer,  chamois  8 
caribou  16,  57,  120 
bighorn  sheep  17,  62,  114 
large  predators  106 
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grizzly  bear  34,  44 
arctic  fox  29 
waterbirds  7,  13,  104 
herons  115 
bald  eagle  80.  94 

Highly  sensitive  situations 

female/young  7,  16,  57,  58,  63 
areas  of  dependable  forb  produc- 
tion 107 
molting  waterfowl  7,  104 
desert  bighorn  sheep  waterholes 

17,  62 
nesting  birds  115 
adult  bald  eagles  94 

Agent  of  disruption 

seismic  operations  58 
oil  field  operations  7,  16,  29,  44, 
57,  58,  104,  106,  107,  120,  121 
timber  harvest  67,  111.  112,  115 
construction  17,  62,  82 
recreation  111,  113,  114 
hunting  8 
snowmobile  26,  30 
cattle  drive  50 
harassment  34,  38 
general  activity  36,  38,  63 

Factors  influencing  magnitude 
of  effect 

presence  of  vegetative/topographic 

screen  16,  67,  111,  112 
intensity  of  activity  29,  34,  112 
cover  111,  113 
animal's  previous  experience 

with  disruption  26 

Significance 

decreased  use  of  traditional  areas 
-  all  species  references  except 
30,  50,  58.  80.  94.  114 

change  in  distribution  8,  26,  57, 

62,  67,  94,  112,  115 
overutilization  of  adjacent  habi- 
tat 17,  62,  94.  106 

use  of  marginal  habitat  8,  36,  38, 

63,  94 

change  in  activity  patterns  17, 

34,  36,  114.  120 
alteration  of  movements  8.  26. 

50,  58,  62,  121 
gradual  range  abandonment  16, 

38 
shift  of  home  range  26,  50 
reduced  feeding  efficiency  34,  58, 

62,  94,  107 
increased  use  of  alternate  nests 

80 

3.   Reduction  of  Available  Habitat 

Species  affected 

ungulates  35,  38 

bighorn  sheep  24,  27  28,  64 


caribou  10,  16 
osprey  96 
deer  69 

Factors  influencing  magnitude  of 
effect 

social  behavior  of  species  24,  35 
intensity/frequency  of  human  use 
27,  28,  64,  96 

Agent  of  disruption 

oil  field  operations  10,  16 

recreation  28,  96 

general  human  activity  24.  27, 

38,  64 
subdivisions  69 

Highly  sensitive  situations 

bighorn  sheep  24,  27,  28,  64 

female/young  16 

nesting  birds  96 

highly  gregarious  ungulates  38 

winter  range  69 

Significance 

reduction  in  wildlife  numbers  10, 
24,  27,  28,  38.  69,  96 

overpopulation  of  adjacent  habi- 
tat 24,  35 

inefficient  use  of  habitat  35 

adverse  physiological  effects  24, 
35 

decrease  in  reproductive  poten- 
tial 69 

4.  Decrease  in  Reproductive 
Success 

Species  affected 

ungulates  35 
bighorn  sheep  24 
red  deer/chamois  8 
caribou  10,  37 
waterfowl  7 
common  loon  99 
herons  101 
osprey  3,  96 
ferruginous  hawk  116 
upland  birds  108 

Factors  influencing  magnitude 
of  effect 

intensity  of  activity  8,  96,  99 
activity  timing  in  relation  to 

reproductive  stage  96,  101 
nest  visibility  99 
animal's  use  of  marginal 

habitat  8 

Agent  of  disruption 

oil  field  operations  7,  108 

hunting  8 

approach  by  human  116 

harassment  37,  101 

recreation  96,  99 

motor  boats  3,  99 

general  human  activity  10,  24,  35 


Highly  sensitive  situations 

nesting  birds  3.  96,  101 
calving/postcalving  10 
areas  near  "gallinaceous  guz- 
zlers" 108 

Specific  effect 

decreased  survival  of  young  10, 
35.  37,  101 

inhibition  of  reproductive  func- 
tions 24,  37 

reduced  hatching  success  7,  96, 
99 

abortion/fetus  damage  35,  37 

egg  loss  3,  101 

decrease  in  young  per  female  8, 
116 

nest  abandonment  108 

5.  Interference  with  Movement 
Species  affected 

caribou  10 

deer  61 

red  deer/chamois  8 

bears  74 

wolf  74 

gulls  74 

Significance 

loss  of  young  10 
reduced  reproductive  success  8 
poor  physical  condition  8 
inadequate  nutrition  74 
delay/failure  to  den  74 

Agent  of  disruption 

hunting  8 

harassment  10 

general  development  activity  10 

wildlife  feeding  by  oil  field 

workers  74 
mining  61 

Highly  sensitive  situations 

calving  migration  10 
Specific  effect 

delayed  arrival  at  calving 

grounds  10 
delay/failure  to  reach  winter 

range  8,  61,  74 

6.  Direct  Mortality 

Species  affected 

furbearers  42.  74 
ravens,  gulls  42,  74 

Agent  of  disruption 

wildlife  feeding  by  oil  field 

workers  42,  74 
improper  handling/disposal  of 

food  and  garbage  42,  74 
workers  feeding  animals  along 

road  74 
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Specific  effect 

destruction  of  "nuisance" 

animals  42,  74 
vehicle  collisions  74 
poaching  74 

7.  Interference  with  Courtship 

Species  affected 

elk  58,  63,  88 

caribou  23 

upland  birds  107,  108 

Agent  of  disruption 

approach  by  humans  88 
seismic  operations  58 
oil  field  construction  107,  108 
general  human  activity  23,  63 

Specific  effect 

temporary  disruption  of  breeding 

group  activity  58,  63,  88 
interference  with  timing/mating 

stimuli  23 
abandonment  of  courtship 

grounds  107 
disturbance  of  courting  males 

108 

8.  Alteration  of  Behavior 

Species  affected 

bears  38,  39,  42,  45,  84,  91 
wolf  74 
fox  29.  74 

Significance 

destruction  of  "nuisance" 

animals  74 
human  injury /property  damage 

74,  91 

Agent  of  disruption 

wildlife  feeding  42,  74,  91 
improper  food/garbage  storage 

42,  74,  91 
human/bear  encounters  39,  91 
Specific  effect 
loss  of  fear  of  humans  -  all 

references 

9.  Neutral/Positive  Effect 

Species  affected 

elk  58,  88,  111 

moose  70 

deer  11,  26,  30.  73 

bighorn  sheep  48,  114 

brown/grizzly  bears  44,  100 

wolf  19 

arctic  fox  29 

waterbirds  7,  13,  120 

common  loon  99 

oldsquaw  120 

herons  101 

upland  birds  73 

bald  eagle  80,  94 

small  mammals  73 


Agent  of  disruption 

oil  field  operations  7,  29,  44,  58, 

120 
recreation  13,  48,  88,  99,  114 
construction  73,  111 
presence/approach  by  humans  19, 

70,  80,  94 
harassment  88,  101 
snowmobile  11,  26,  30 

Aspect 

wildhfe  numbers  7,  44,  48,  73, 
80,  114,  120 

reproductive  success  99,  101,  120 

nest  density  80,  120 

distribution  44,  58,  88 

reaction  to  humans  13,  19,  29, 
70,  94,  99,  100,  120 

movements  11,  26,  30.  48,  58 

use  of  traditional  areas  -  all  refer- 
ences except  11,  70,  94,  99,  101, 
120 

Traffic  and  Access-Related 
Activities 

These  activities  are  considered 
separately  from  other  cases  of 
human  intrusion  as  some  effects  are 
unique  to  roads  and  rights-of-way, 
and  a  considerable  amount  of  litera- 
ture addresses  this  particular 
subject. 

1.   Interrupted  Activity/Flight 
Species  affected 

caribou  51,  100 

elk  88,  90,  111,  113 

pronghorn  12 

moose  100 

Dall  sheep  100 

wolf  100 

fox  100 

hare,  porcupine  100 

Significance 

change  in  activity  patterns  12, 

100 
inefficient  use  of  habitat  100 
Highly  sensitive  situations 
young  calves  100 
male  fox  100 
winter  range  12 

Factors  influencing  magnitude 
of  effect 

vehicle  stopping  88,  100,  111, 

113 
people  leaving  vehicle  88,  100, 

111,  113 
animal  group  size  100 
sex  51 
distance  90 


daylight  88 
cover  51 
noise  100 

2.  Avoidance/Displacement 

Species  affected 

elk  40,  47,  67,  68,  79,  82,  83,  85, 

86,  88,  111,  118,  121 
caribou  16,  57,  100 
deer  83.  85,  86 
brown  bear  100 
wolf  100 

hare,  porcupine  100 

Agent  of  disruption 

interstate  111,  113 
park  road  88,  100 
forest  road  68 
primary/secondary  road  47,  82, 

83,  118 
Alaska  Pipeline  haul  road  57 
oil  field  access  road  121 

Significance 

decreased  use  of  areas  near  road 

-  all  species  references 
change  in  distribution  16,  67,  79, 

100 
change  in  activity  patterns  40, 

79.  88.  100 
inefficient  use/use  of  marginal 

habitat  68,  79,  82,  118 
alteration  of  movements  57 
den  displacement  100 
change  in  group  composition  16 

Factors  influencing  magnitude 
of  effect 

road  density  47,  82,  85.  100,  111, 

118 
intensity  of  road  use  47,  82,  86, 

87,  88,  100,  111,  118 
type  of  road  47,  82.  83.  85 
proximity  to  road  47.  68.  79 
slope  aspect  83 
food/habitat  availability  85,  86, 

88,  100 

openness  of  habitat  68,  79,  85, 

86 
presence  of  cover/screen  16,  67. 

83.  Ill 
season  16.  82 
animal's  previous  experience 

with  disruption  100 
hunting  40,  47,  79 
Highly  sensitive  situations 
road  crossing  traditional  use  area 

47,  79,  83 
winter  range  79,  85,  86 
open  areas  16,  68,  79,  83 
construction  of  new  roads  67,  82 
female/young  16.  57.  118 
hunted  population  47 
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3.  Reduction  in  Available  Habitat 

Species  affected 

elk  83,  118 
reindeer  54 

brown/grizzly  bear  31,  87 
shorebirds  100 

Highly  sensitive  situations 

high  use  wildlife  areas  83 
river  bottoms  87 

Significance 

decrease  in  nest  density  110 
reduction  in  wildlife  numbers  31, 

87 
Factors  influencing  magnitude  of 

effect 
traffic  volume  110 
road  density  31 
presence  of  cover  31,  83 
slope  aspect  83 
presence  of  railroad  54 

4.  Interference  with  Movement 
Species  affected 

elk  47,  111,  113 

reindeer  54 

caribou  100 

mountain  goat  90 

Dall  sheep  100 

pronghorn  12 

wolf  100 

fox  100 

Agent  of  disruption 

interstate  111,  113 

park  road  90,  100 

primary/secondary  road  12,  47, 

54 
railroad  54 

Factors  influencing  magnitude 
of  effect 

snow  depth  12,  47 
intensity  of  activity  12,  47,  90, 

100 
herd  size  90,  100 
migration  100 
time  of  day  90 
direction  of  travel  90 
sex,  age  of  leader  90 
presence  of  cover  90 

Specific  effect 

delay/barrier  54,  90,  100,  111, 

113 
use  of  access  corridors  as  travel 

lanes  47,  100 

5.  Direct  Mortality 

Species  affected 

big  game  95 
elk  32,  47,  90 
reindeer  54 


mountain  goat  90 

furbearers  57 

grizzly  bear  87 

raptors  32,  106 

hare  100 

general  57,  106,  109 

Specific  effect 

poaching  32,  57,  87,  90,  95,  106 

increased  hunter  access  32,  47, 

90,  95,  106 
vehicle  collision  54,  90,  100,  106, 

109 

Highly  sensitive  situations 

road  close  to  migration 

routes/winter  range  90 
wildlife  habituated  to  activity  54, 

57,  90 
open  terrain  57 
raptors  using  utility  pole  perches 

32 
winter  54 

6.   Neutral/Positive  Effects 

Species  affected 

elk  83,  88,  90,  111,  112,  113 

caribou  100 

reindeer  54 

deer  18,  83 

Dall  sheep  100 

moose  100 

wolf  100 

fox  39,  100 

oystercatcher  110 

Aspect 

use  of  traditional  areas  29,  83, 

88,  100,  110,    111,  112 
behavioral  reaction  to  traffic  29. 

54,  88,  90,  100,  111,  113 
wildlife  numbers  18 
activity  112 
nest  density  110 
raising  of  young  29 

Presence  of  Human- 
Associated  Structures  and 
Facilities 

This  section  addresses  the 
effects  of  the  physical  presence  of 
man-made  structures  (pipelines, 
powerlines,  fences,  roads,  rights-of- 
way)  existing  in  the  absence  of 
immediate  human  activity.  It  is 
assumed  that  an  animal's  response 
to  a  structure  may  be  influenced,  to 
some  unknown  degree,  by  its  previ- 
ous association  with  human 
activity. 


1.  Avoidance/Displacement 
Species  affected 

general  32 
caribou  49 
wolf  71 

Agent  of  disruption 

right-of-way  32 
pipeline  49 

objects  with  recent  human  scent 
71 

Significance 

interference  with  movement  49 

2.  Interference  with  Movement 

Species  affected 

large  mammals  55 

elk  113 

pronghorn  12 

caribou  6,  23,  43,  49,  75,  78,  100 

Significance 

delay/failure  to  reach  traditional 
range  6,  23,  75,  78,  100 

reduced  calf  survival  75,  78 

easier  travel  6,  100 

increased  vulnerability  to  preda- 
tors 6 

interference  with  mating  syn- 
chrony 23 

disruption  of  social  structure  23, 
75 

inefficient  habitat  use/abandon- 
ment of  traditional  areas  55,  75, 
100 

Agent  of  disruption 

pipeline  43,  49,  75 

road  100 

fence/corral  12,  78,  113 

rights-of-way/seismic  trails  6 

general  physical  barriers  23,  75 

Factors  influencing  magnitude  of 
effect 

age/sex  composition  of  group  43, 

49 
size  of  group  100 
animal's  previous  experience 

with  disruption  43 
degree  of  insect  harassment  43, 

49 
timing  49,  100 
height  of  berm  43 

Specific  effect 

delay/barrier  -  all  references  ex- 
cept 6 

use  of  corridor  as  travel  lane  6, 
100 

diversion  of  movement  direction 
6,  43,  49,  75,  100 
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Highly  sensitive  situations 

female/young  23.  43,  75,  78,  113 
pregnant  female  6,  75.  78 
breeding  groups  23 
calving/postcalving  areas  75 

3.  Direct  Mortality 

Species  affected 

waterfowl  21.  32.  106.  117 
cranes  32,  97 
eagles  117 
general  32,  117 

Specific  effect 

collisions  with  utility  lines  -  all 

references 
oil  field  sumps  106 

Highly  sensitive  situations 

poor  visibility  conditions  97.  117 

4.  Neutral/Positive  Effects 

Species  affected 

general  42,  102 

caribou  6,  43,  49,  78,  100 

Ball  sheep  100 

elk  32,  111,  113 

deer  32 

wolf  71 

arctic  fox  29 

raptors  93 

Aspect 

additional  food,  perch,  nest  sites 
32,  42,  93 

use  of  area  near  road/right-of- 
way  32,  42,  100 

reaction  to  man-made  structures 
29,  32,  71,  102 

winter  use  of  seismic  trails  6 

use  of  pipeline  crossing  facilities 
49 

road  crossing  100,  111 

berm  crossing  43 

movement  78,  113 

density  93 

corridor  crossing  32 

Factors  influencing  magnitude 
of  effect 

height  of  berm  43 

degree  of  noise/movement  102 


fresh  human  scent  71 
animal's  previous  experience 

with  disruption  43,  49 
age/sex  composition  of  group  49 
degree  of  insect  harassment  43, 

49 
timing  49 

Disturbance  of  Vegetation 
or  Land  Surface 

1.  Reduction  in  Available  Habitat 
Species  affected 

general  42.  92.  102,  106 

big  game  61 

elk  82 

deer  69.  73 

bighorn  sheep  119 

brown  bears  31 

small  mammals  73 

upland  birds  73 

Highly  sensitive  situations 

winter  range  69.  92.  119 

breeding  areas  42,  92 

Agent  of  disruption 

road  31.  73.  82 

mining  61 
oil  field  operations  42,  106 
livestock  119 
subdivision  69 
general  development  92 
summer  cabins  31 

Significance 

decrease  in  aquatic  produc- 
tivity/food availability  102.  106 

reduction  in  wildlife  numbers  31, 
69,  92,  119 

decreased  reproductive  potential 
42.  69 

disease  119 

decreased  lamb  survival  119 

elimination  of  nest  sites  42 

2.  Change  in  Community  Structure 
Species  affected 

deer  73 


birds  4,  5,  73,  120 
small  mammals  73 

Factors  influencing  magnitude  of 
effect 

width  of  corridor  5 

Agent  of  disruption 

transmission  line  corridor  4,  5 
driUing  120 
road/right-of-way  73 

Specific  effect 

change  in  species  composition  4, 

5,  73,  120 
change  in  species  diversity  4.  5 

Introduction  of  Harmful 
Substances  into 
the  Environment 

1.  Reduction  in  Available  Habitat 

Species  affected 

general  42,  53,  108 
birds  42 

Agent  of  disruption 

natural  gas  leak  108 

fuel,  crude  oil,  mud  spill  42 

"dust  shadow"  from  vehicle 

activity  on  gravel  42 
brine  spill  53 

Specific  effect 

destruction/alteration  of  vegeta- 
tion 42,  53,  108 
loss  of  nesting  habitat  42 

2.  Direct  Mortality 

Species  affected 

general  42,  106,  107 
waterfowl  20,  52,  107 
livestock  52 

Agent  of  disruption 

toxic  amounts  of  hydrogen  sul- 
fide gas  106,  107 

oil  field  storage  pits  (evapora- 
tion, sludge,  etc.)  20,  52,  107 

water  pollution  42 
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APPENDIX  B:  ANNOTATED 
BIBLIOGRAPHY 

1.  Altmann,  M.  The  flight  distance  in  free-ranging  big 

game.  Journal  of  Wildlife  Management.  22(2): 

207-209;  1958. 
The  author  concluded  that  numerous  factors  can  in- 
fluence the  flight  distance  (distance  to  which  a  person 
can  approach  a  wild  animal  without  causing  it  to  flee)  of 
moose  and  elk,  including  reproductive  and  nutritional 
status;  habitat;  individual  variation  based  on  previous 
experience  of  animal.  Long  flight  distances  were  observed 
during  hunting  season,  for  moose  cows  with  calves, 
when  author  approached  animal  silently  and  under  cover, 
and  for  single  animals  or  those  on  the  periphery  of  a 
group.  Short  flight  distances  were  observed  during  rut, 
during  winter,  when  animal  approached  by  noisy  tourists 
in  area  frequented  by  tourists,  and  for  animals  in  a  close 
group.  In  areas  of  rare  human  presence,  elk  were  not 
wary.  A  longer  flight  distance  was  associated  with  the 
presence  of  vegetative  cover. 

2.  Ames,  D.  R.  Physiological  responses  to  auditory 

stimuli.  In:  Fletcher,  J.  L.;  Busnel,  R.  G.,  eds. 

Effects  of  noise  on  wildlife.  New  York:  Academic 

Press;  1978:  23-45. 
Experiments  with  lambs  exposed  to  various  sounds  for 
12  days  found  sound  to  be  a  stressor  (any  stimulus 
which  provokes  a  response  similar  to  those  attributable 
to  increased  levels  of  ACTH  or  adrenocorticotropin, 
a  hormone,  released  as  a  result  of  stress).  Lambs  appeared 
to  show  differentiation  in  response  to  sound  level,  inten- 
sity, and  duration.  Exposure  to  75  dB  and  100  dB  sound 
caused  significant  changes  in  heart  rate  and  breathing. 
Evidence  of  acclimation  to  sounds  less  than  100  dB  was 
shown. 

3.  Ames,  P.  L.;  Mersereau,  G.  S.  Some  factors  in  the 

decline  of  the  osprey  in  Connecticut.  Auk.  81(2): 
173-185;  1964. 
Reports  incidence  of  ground-nesting  osprey  destroying 
eggs  when  flushing  in  response  to  rapid  approach  by 
speed  boats.  Birds  apparently  attempt  to  escape  discov- 
ery by  remaining  on  the  nest  as  long  as  possible,  then 
flushing  directly  from  the  incubation  position,  which 
increases  the  chance  of  eggs  being  crushed  or  pushed 
from  the  nest. 

4.  Anderson,  S.  H.  Changes  in  forest  bird  species  com- 

position caused  by  transmission-line  corridor  cuts. 

American  Birds.  33(1):  3-6;  1979. 
Bird  surveys  before  and  after  construction  of  a  150-ft 
wide  transmission  line  in  eastern  deciduous  forest 
showed  (1)  an  increase  in  species  composition  and  num- 
ber of  species,  (2)  a  significant  decrease  in  species  diver- 
sity, (3)  a  decrease  in  the  number  of  migrant  and 
canopy-foraging  species,  and  (4)  an  increase  in  species 
associated  with  grassland  and  edge  (unstable)  habitats. 

5.  Anderson,  S.  H.;  Mann,  K.;  Shugart,  H.  H.,  Jr.  The 

effect  of  transmission-line  corridors  on  bird  popula- 
tions. American  Midland  Naturalist.  97(1): 
216-221;  1977. 
Observations  of  bird  populations  along  four  widths— 40, 
100,  200,  300  ft— of  transmission  line  corridors  in  eastern 
deciduous  forest  showed  that  the  100-ft  corridor  had 


highest  bird  density  and  diversity,  and  seemed  to  in- 
crease the  "edge  effect"  to  the  greatest  degree.  Narrower 
corridors  showed  the  least  change  from  a  forest-bird 
community.  Wide  corridors  tended  to  support  grassland 
communities  of  birds  not  characteristic  of  the  surround- 
ing forest.  The  greatest  species  diversity  was  associated 
with  forest  habitat.  Conversion  of  forest  to  corridor 
tended  to  selectively  displace  permanent  resident 
species. 

6.  Banfield,  A.  W.  F.  The  relationship  of  caribou  migra- 

tion behavior  to  pipeline  construction.  In:  Geist, 
v.;  Walther,  F.,  eds.  The  behavior  of  ungulates  and 
its  relation  to  management.  I.U.C.N.  Publication 
New  Series  No.  24.  Morges,  Switzerland:  Interna- 
tional Union  for  Conservation  oi  Nature  and  Natu- 
ral Resources;  1971:  797-804. 
Studies  indicate  that  caribou  tend  to  choose  travel 
routes  offering  easiest  walking  condition.  Migrating 
caribou  on  winter  range  have  been  observed  to  follow 
seismic  lines  for  some  distance,  eventually  turning  off  if 
the  line  departs  from  their  normal  route.  Potential  haz- 
ards of  this  practice  include  (1)  increased  vulnerability  to 
wolves,  (2)  delay  or  failure  to  reach  traditional  calving 
grounds  by  pregnant  females  following  lines  too  far,  and 
(3)  diversion  of  migration  from  normal  route.  These  haz- 
ards are  also  associated  with  buried  gas  pipeline 
corridors. 

Author  suggests  that  most  caribou  herds  are  habitu- 
ated to  planes,  but  not  helicopters,  flying  at  heights  of 
at  least  1,000  ft.  New  jet-copters  appear  especially  dis- 
turbing and  often  cause  animals  to  change  their  direc- 
tion of  travel. 

7.  Barry,  T.  W.;  Spencer,  R.  Wildlife  response  to  oil 

well  drilling.  Progress  Note  No.  67.  Ottawa,  ON: 
Canadian  Wildhfe  Service;  1976.  15  p. 
The  effects  of  oil  drilling  in  the  Mackenzie  River  delta 
were  studied  during  one  summer.  Within  1.5  mi  of  the 
drilling  rig,  43  percent  of  bird  species  were  significantly 
less  numerous  than  normal,  52  percent  were  unaffected, 
5  percent  were  more  abundant  (ravens,  whimbrels  using 
area  traditionally  for  nesting).  No  generalizations  were 
possible  as  great  variations  in  effect  were  indicated. 
Some  species  showed  signs  of  habituation.  Geese  and 
swans,  when  molting  or  with  downy  young,  moved  or 
stayed  at  least  1.5  mi  from  the  rig.  White-fronted  geese 
moved  out  of  both  rig  and  control  (5mi  away)  areas. 
Hatching  success  was  greater  in  the  control  area  than 
the  rig  area. 

Low-flying  helicopters  appeared  to  be  the  most  dis- 
turbing factor,  directly  affecting  a  circle  of  at  least  1.5 
mi  radius.  Increased  predation  was  observed  on  nests 
from  which  birds  were  disturbed.  Disturbance  decreased 
with  increasing  flight  altitudes. 

8.  Batcheler,  C.  L.  Compensatory  response  of  artifi- 

cially controlled  mammal  populations.  Proceedings: 
New  Zealand  Ecological  Society.  15:  25-30;  1968. 
Analysis  of  data  on  red  deer  and  chamois  controlled 
by  hunting  indicates  that  favorable  response  to  reduction 
in  numbers  (e.g.,  improved  physical  condition,  increased 
reproduction)  may  be  suppressed  "when  the  control  tech- 
nique disrupts  the  abihty  of  survivors  to  exploit  pre- 
ferred .  .  .  habitat."  Animals  responded  to  increasing 
hunting  pressure  by  using  nonpreferred,  marginal  habitat 
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and  remaining  on  summer  range  during  winter.  Conse- 
quently, animals  were  in  poorer  condition  and  the 
young:female  ratio  decreased. 
9.   Behrand,  D.  F.;  Lubeck,  R.  A.  Summer  flight  be- 
havior of  white-  tailed  deer  in  two  Adirondack 
forests.  Journal  of  Wildlife  Management.  32(3): 
615-618;  1968. 
Comparisons  of  summer  flight  behavior  of  white-tailed 
deer  on  hunted  and  unhunted  areas  support  the  hypothe- 
sis that  response  to  people  is  greatly  modified  by  ex- 
perience. The  flight  distance  for  antlered  deer  on  the 
hunted  area  was  significantly  greater  than  for  antlerless 
deer  on  both  areas. 

10.  Berger,  T.  R.  The  Berger  report:  northern  frontier, 

northern  homeland.  Living  Wilderness.  41(137): 
4-33;  1977. 

Snow  geese  staging  for  migration  are  highly  sensitive 
to  human  presence,  noise,  and  aircraft.  Researchers  have 
found  that  geese  would  not  feed  closer  than  1.5  mi  from 
a  device  simulating  compressor  station  noise.  Birds  fly- 
ing over  it  diverted  their  course  by  90  °  or  more.  Geese 
flushed  in  response  to  aircraft  flying  at  considerable  dis- 
tances (2  mi)  and  heights  (8,000-10,000  ft).  Deliberate 
harassment  cleared  flocks  from  a  5-  by  10-mile  area  in  15 
minutes. 

Caribou  are  very  sensitive  during  calving  and  post- 
calving  periods.  Disturbance  preventing  or  delaying 
arrival  at  calving  grounds  can  force  calving  in  unsuitable 
areas  and  increase  loss  of  young.  The  greatest  loss  of 
calves  occurs  in  the  postcalving  aggregation  when 
caribou  are  stressed  by  insects,  nursing,  and  antler 
growth.  Repeated  disturbance  by  unfamiliar  sights  or 
noises  may  force  caribou  from  their  traditional  range. 

11.  Bollinger,  J.  G.;  Rongstad,  O.  J.;  Soom,  A.; 

Eckstein,  R.  G.  Snowmobile  noise  effects  on  wild- 
life, 1972-1973  report.  Madison,  WI:  University  of 
Wisconsin,  Engineering  Experiment  Station;  1973. 
85  p.  (Cited  in  Bury,  R.  L.  Impact  of  snowmobiles 
on  wildlife.  Transactions  of  the  North  American 
Wildlife  and  Natural  Resources  Conference.  43: 
149-156;  1978.  Original  not  seen.) 
This  study  found  no  increase  in  deer  movements  or 
change  in  activity  patterns  in  response  to  snowmobiles. 
Deer  seemed  to  react  more  to  the  sight  than  the  noise  of 
snowmobiles.  Deer  were  observed  to  remain  close  to  per- 
sons working  with  chain  saws,  but  move  away  when  a 
person  tried  to  walk  near  them.  Some  disturbance  was 
possible  as  snowmobiles  initially  moved  into  an  area. 

12.  Bruns,  E.  H.  Winter  behavior  of  pronghorns  in  rela- 

tion to  habitat.  Journal  of  Wildlife  Management. 

41(3):  560-571;  1977. 
This  study  found  that  roads  and  fences  were  impor- 
tant in  determining  pronghorn  use  of  winter  range  in 
Alberta.  Four-strand  barbed  wire  fences  presented  a 
major  obstacle  to  pronghorn.  The  herd  was  generally 
within  0.3  mi  of  a  highway,  but  tended  to  avoid  cross- 
ing, probably  due  to  traffic  and  snow  in  ditches.  Prong- 
horn demonstrated  low  levels  of  daily  activity,  with 
breaks  in  the  foraging-resting  pattern  caused  by  the  ap- 
proach of  vehicles  or  predators. 

13.  Burger,  J.  The  effect  of  human  activity  on  birds  at  a 

coastal  bay.  Biological  Conservation.  21(3):  231-241; 
1981. 


This  research  concerned  the  effects  of  various  human 
activities  on  nonbreeding  waterbirds  in  the  New  York 
City  refuge  near  Kennedy  Airport.  Data  showed  that 
birds  were  present  at  a  site  more  often  in  the  absence 
than  the  presence  of  people.  Responses  to  human  activi- 
ties varied  according  to  the  location  and  species  of  bird 
and  the  nature  of  the  activity.  Birds  generally  flushed  in 
response  to  rapid  and/or  close  movement.  Herons,  egrets, 
and  shorebirds  were  most  easily  disturbed,  often  flying 
to  distant  marshes.  Birds  on  water  flushed  least  often; 
those  on  the  beach  most  often.  Birds  generally  did  not 
respond  to  subsonic  jets.  They  always  flushed  in  response 
to  the  SST  passing  overhead,  but  often  returned  to  their 
original  position.  The  author  believes  that  the  presence 
of  gulls  near  airports  does  not  necessarily  prove  that  the 
birds  are  undisturbed  by  noise.  The  airport  may  be  the 
safest— or  only— foraging/loafing  area. 

14.  Busnel,  R.  G.  Introduction.  In:  Fletcher,  J.  L.;  Busnel, 

R.  G.,  eds.  Effects  of  noise  on  wildlife.  New  York: 

Academic  Press;  1978:  7-22. 
The  author  states  that  "wildlife  reactions  to  noise  are 
difficult  to  define  or  predict."  Reactions  vary  considera- 
bly between  and  within  species,  depending  on  the  biolog- 
ical state  of  the  animal,  the  season,  population  density, 
physical  parameters  of  the  noise,  and  so  on.  Distinction 
must  be  made  between  permanent  noise  sources  and  in- 
termittent and  mobile  sources.  Transient  loud  noises 
generally  provoke  alarm.  An  animal's  first  reaction  to  a 
new  noise  is  fear  and  avoidance.  Many  animals  appar- 
ently learn  to  ignore  noise  that  is  not  associated  with 
negative  experiences,  for  example,  being  chased.  The 
negative  association  of  a  sound  with  humans  may  pro- 
voke avoidance.  An  unusual  noise  in  combination  with  a 
visual  stimulus  (aircraft)  may  be  particularly  disturbing. 
It  is  difficult  to  determine  if  a  response  is  due  to  noise 
alone. 

15.  Calef,  G.  W.;  DeBock,  E.  A.;  Lortie.  G.  M.  The  reac- 

tion of  barren-ground  caribou  to  aircraft.  Arctic. 

29(4):  201-212;  1976. 
During  spring  and  fall  migration,  the  percentage  of 
panic  responses  (animals  out  of  control)  and  strong  escape 
responses  (trotting  or  running,  continuing  after  aircraft 
passed)  was  high  at  aircraft  altitudes  of  less  than  200  ft, 
and  decreased  with  increasing  altitude.  Only  mild  responses 
were  observed  at  altitudes  above  500  ft.  On  calving 
grounds  and  during  early  winter  cold,  a  high  percentage 
of  panic  and  strong  escape  responses  was  observed  at  all 
altitudes  up  to  500  ft,  with  little  decrease  in  response 
with  increasing  altitude.  In  contrast  with  other  studies, 
fixed-wing  aircraft  provoked  a  greater  response  than 
helicopters.  Following  caribou  with  a  helicopter  once 
they  started  moving  caused  extreme  panic.  Cows  did  not 
abandon  calves  in  five  cases  of  low  overhead  passes  or 
helicopters  landing  nearby.  Calves  appeared  more  reac- 
tive than  other  caribou  during  spring  and  fall.  Cows 
with  calves  appeared  no  more  sensitive  than  other  cari- 
bou during  fall.  Caribou  at  river  crossings  were  more 
reactive.  Group  size,  terrain,  and  vegetation  type  had  no 
significant  effect  on  response.  The  authors  discuss  con- 
trasting results  obtained  by  other  researchers.  An  alti- 
tude of  1,000  ft  is  suggested  for  aircraft  to  avoid  provok- 
ing injurious  responses. 
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16.  Cameron,  R.  D.;  Whitten,  K.  R.;  Smith,  W.  T.;  Roby, 

P.  D.  Caribou  distribution  and  group  composition 
associated  with  construction  of  the  Trans-Alaska 
pipeHne.  Canadian  Field -Naturalist.  93(2):  155-162; 
1979. 
This  study  evaluated  the  seasonality  of  caribou  re- 
sponse to  pipeline  and  construction  activity.  Regional 
comparisons  of  survey  data  show  corridor-related  abnor- 
malities in  caribou  distribution  and  group  composition. 
Avoidance  of  the  Prudhoe  Bay  area,  traditionally  a  part 
of  the  herd's  calving  grounds,  was  noted  throughout  the 
study,  though  use  of  adjacent  regions  continued.  Changes 
near  Prudhoe  Bay  reflect  the  pattern  of  disturbance- 
related  abandonment  of  range,  which  is  thought  to  be  a 
gradual  process  occurring  with  increasing  avoidance  of 
adverse  stimuli.  Summer  avoidance  of  the  haul  road  cor- 
ridor was  primarily  by  cows  with  calves.  Greater  visibility 
on  the  flat  coastal  plain  may  influence  the  degree  of 
avoidance  because  of  the  importance  of  visual  stimuli  to 
caribou.  Prudhoe  Bay  avoidance  continued  during  fall; 
but  cow/calf  avoidance  of  the  corridor  decreased. 

17.  Campbell,  B.;  Remington,  R.  Influence  of  construc- 

tion activities  on  water-use  patterns  of  desert  big- 
horn sheep.  Wildlife  Society  Bulletin.  9(1):  63-65: 
1981. 
Watering  activities  of  desert  bighorn  sheep  changed 
significantly  after  construction  was  begun  near  a  tradi- 
tional water  source.  Under  undisturbed  conditions,  peak 
watering  activity  occurred  between  6  a.m.  and  8  a.m.  To 
avoid  human  disturbance,  bighorn  visited  water  (1)  dur- 
ing the  short  period  between  dawn  and  start  of  work, 
and  (2)  after  the  work  day.  No  visits  occurred  between  6 
a.m.  and  2  p.m.  while  construction  was  in  progress.  Such 
a  shift  results  in  inefficient  energy  use  and,  potentially, 
lower  reproductive  output.  Normal  activity  patterns 
allow  minimum  energy  to  be  expended  in  obtaining 
water  by  visiting  during  the  coolest  parts  of  the  day. 
Habitat  near  the  water  source  may  be  overutilized  if 
sheep  use  the  area  for  bedding  to  avoid  night  travel. 

18.  Carbaugh,  B.;  Vaughan,  J.  P.;  Bellis,  E.  D.;  Graves, 

H.  B.  Distribution  and  activity  of  white-tailed  deer 
along  an  interstate  highway.  Journal  of  Wildlife 
Management.  39(3):  570-581;  1975. 
This  study  analyzed  white-tailed  deer  distribution  and 
activity  along  forested  and  agricultural  sections  of  an  in- 
terstate. The  impact  of  the  highway  on  deer  abundance 
and  distribution  and  the  relationship  between  deer  acti- 
vity and  vehicle  collisions  were  found  to  be  functions 
of  the  highway  location  relative  to  deer  requisites  (feed- 
ing and  resting  sites)  and  to  availability  of  feeding  areas 
other  than  the  right-of-way.  No  relationship  was  observed 
between  traffic  volume  and  numbers  of  deer  seen. 

19.  Chapman,  R.  C.  Human  disturbance  at  wolf  dens  -  a 

management  problem.  In:  Linn,  R.  M.,  ed.  Proceed- 
ings, first  conference  on  scientific  research  in  the 
National  Parks;  1976  November  9-12;  New  Orleans, 
LA.  Vol.  1.  Transactions  and  Proceedings  Series 
No.  5.  Washington,  DC:  U.S.  Department  of  the 
Interior,  National  Park  Service;  1979:  323-328. 
Wolf  response  to  humans  near  pups  was  highly  varia- 
ble, ranging  from  no  response  to  flight,  temporary  aban- 
donment of  pups,  or  movement  of  pups  from  the  den. 


Pup  mortality  was  not  reported.  Disturbance  of  den 
areas  prior  to  whelping  may  influence  den  selection.  Re- 
sponse to  disturbance  appears  dependent  on  the  number 
and  social  position  of  wolves  at  the  home  site,  the 
wolves'  previous  experience  with  humans,  and  severity 
of  the  disturbance.  Wolves  were  generally  not  disturbed 
by  humans  further  than  0.5  mi  in  open  areas  and  0.25 
mi  in  forested  areas.  Wolves  regularly  den  within  1.5  mi 
of  established  human  activity  centers  in  the  park.  The 
author  considers  this  a  "safe"  distance  for  exclusion  of 
human  activity  in  open  areas.  Smaller  areas  may  be  ade- 
quate in  forested  areas.  Wolves  that  are  more  shy  of  hu- 
mans may  require  larger  closed  areas. 

20.  Childress,  J.  The  impacts  of  energy  development  on 

Colorado's  wildlife.  Proceedings  Western  Associa- 
tion Fish  and  Wildlife  Agencies.  51:  196-201;  1978. 
Passage  of  a  federal  law  requiring  covering  of  oil  pits 
has  reduced  loss  of  waterfowl  to  these  ponds. 

21.  Cornwell,  G.;  Hochbaum,  H.  A.  ColHsions  with 

wires  -  a  source  of  anatid  mortality.  Wilson  Bulle- 
tin. 83(3):  305-306;  1971. 
Observations  on  northern  prairie  breeding  grounds 
suggest  that  duck  collisions  with  overhead  wires  are 
common,  though  generally  unnoticed  and  unreported. 
Transmission  lines  can  become  a  frequent  local  source  of 
duck  mortality.  The  authors  suggest  that  alternatives  to 
running  overhead  lines  through  marshes  be  considered. 

22.  Cottereau,  P.  Effect  of  sonic  boom  from  aircraft  on 

wildlife  and  animal  husbandry.  In:  Fletcher,  J.  L.; 

Busnel,  R.  G.,  eds..  Effects  of  noise  on  wildhfe. 

New  York:  Academic  Press;  1978:  63-79. 
General  conclusions  from  a  number  of  studies  indicate 
that  farm  animals  and  wild  animals  are  typically  startled 
by  the  first  exposure  to  a  sonic  boom.  The  reaction  is 
usually  slight,  with  little  effect  on  behavior,  and  most 
animals  appear  to  adapt  to  further  booms.  More  studies 
are  needed  on  the  direct  effects  of  booms  on  wild  animals. 
Sonic  booms  are  more  disturbing  to  birds  than  to  mam- 
mals, and  may  adversely  affect  colonial  nesters. 

23.  Dauphine,  T.  C,  Jr.;  McClure,  R.  L.  Synchronous 

mating  in  Canadian  barren-ground  caribou.  Journal 
of  Wildlife  Management.  38(1):  54-66;  1974. 
Evidence  indicates  that  synchronous  conceptions  are 
essential  to  successful  reproduction  in  barren-ground  car- 
ibou. Dates  of  mating  are  influenced  by  environmental 
and  social  factors  that  may  be  disturbed  by  increased 
levels  of  human  activity.  Migration  may  serve  an  impor- 
tant function  in  synchronous  breeding.  Disturbance  dur- 
ing autumn  migration  may  interfere  with  communication 
of  mating  stimuli.  Physical  barriers  on  migration  routes 
could  alter  the  timing  and  synchrony  of  mating  by  (1) 
confining  the  population  to  a  portion  of  their  range, 
causing  greater  variation  in  prerutting  conditions  among 
females,  and  (2)  forcing  migration  through  unfamiliar 
areas,  which  may  alter  the  social  composition  of  rutting 
bands. 

24.  DeForge,  J.  R.  Stress:  is  it  limiting  bighorn?  In: 

Desert  Bighorn  Council.  Transactions-1976;  1976 
April  7-9;  Bahia  Kino,  Mexico.  Las  Vegas,  NV: 
Desert  Bighorn  Council.  20:  30-31;  1976. 
Bighorn  sheep  are  very  sensitive  to  human  intrusion 
and  may  be  driven  from  portions  of  their  home  range. 
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The  species'  social  organization  is  such  that,  if  habitat  is 
lost,  sheep  congregate  in  an  adjacent  area,  causing  local 
overpopulation  and  increased  stress.  This  triggers  a 
behavioral-physiological  self-regulatory  mechanism 
evolved  to  control  population  growth.  Sheep  then  ex- 
perience behavioral  disturbances,  inhibition  of  reproduc- 
tive functions,  and  decreased  resistance  to  disease,  lead- 
ing ultimately  to  a  population  reduction. 

25.  deVos,  A.  Behavior  of  barren-ground  caribou  on 

their  calving  grounds.  Journal  of  WildHfe  Manage- 
ment. 24(3):  250-258;  1960. 
The  author  observed  the  reactions  of  caribou  to  his  ap- 
proach. Herds  generally  stampeded  in  tight  formation  in 
response  to  a  close  approach,  but  ran  in  more  loosely 
formed  groups  when  less  alarmed.  Large  bands  were 
more  easily  approached.  Cows  with  calves  appeared  very 
sensitive  and  often  continued  to  flee  after  the  rest  of  the 
herd  had  settled. 

26.  Dorrance,  M.  J.;  Savage,  P.  J.;  Huff,  D.  E.  Effects 

of  snowmobiles  on  white-tailed  deer.  Journal  of 
Wildlife  Management.  39(3):  563-569;  1975. 
Data  suggest  that  deer,  which  had  not  been  hunted  for 
several  years,  became  habituated  to  snowmobiles  in  an 
area  receiving  heavy,  weekend  recreational  snowmobile 
use.  Light  traffic  displaced  deer  from  areas  immediately 
adjacent  to  trails.  Increased  traffic  thereafter  caused  no 
further  response.  In  an  area  where  snowmobiles  were 
generally  prohibited,  deer  home-range  size,  movements, 
and  distance  to  nearest  trails  increased  with  snowmobile 
activity. 

27.  Dunaway,  D.  J.  Bighorn  sheep  habitat  management 

in  the  Inyo  National  Forest— a  new  approach.  In: 
Desert  Bighorn  Council.  Transactions-1971;  1971 
April  7-9;  Santa  Fe,  NM.  Las  Vegas,  NV:  Desert 
Bighorn  Council;  15:  18-23;  1971a. 
The  author  suggests  that  the  increase  in  human  use  of 
bighorn  sheep  ranges  may  be  the  major  factor  contribut- 
ing to  the  decline  in  bighorn  numbers.  Though  no 
statistically  sound  data  are  available,  the  relationship  of 
presently  occupied  bighorn  ranges  to  human  use  in  the 
Sierra  Nevada  offers  supporting  evidence.  In  areas 
where  a  large  increase  in  human  use  has  had  the 
greatest  impact,  two  of  five  sheep  ranges  described  in 
1948  appear  unoccupied;  one  contains  half  of  the  1948 
population.  Where  human  use  has  remained  low  (two 
areas),  sheep  populations  are  static. 

28.  Dunaway,  D.  J.  Human  disturbance  as  a  limiting 

factor  of  Sierra  Nevada  bighorn  sheep.  In:  Trans- 
actions of  the  first  North  American  wild  sheep  con- 
ference; 1971  April  14-15;  Fort  CoUins,  CO.  Fort 
Collins,  CO:  Colorado  State  University,  Department 
of  Fishery  and  WildHfe  Biology;  1971b:  165-173. 
Although  difficult  to  prove,  it  appears  that  human 
disturbance  may  be  a  major  factor  that  Hmits  the  big- 
horn in  the  Sierra."  Normal  limiting  factors  would  prob- 
ably not  be  effective  in  depressing  a  population  which 
has  decreased  significantly  since  1950.  A  threefold  in- 
crease in  recreational  use  is  the  only  major  difference  in 
the  ranges,  which  were  previously  rarely  visited.  The 
relationship  between  heavy  human  use  and  absence  of 
bighorn  is  stressed.  The  author  warns  that  continued 
losses  may  lead  to  eventual  extinction. 


29.  Eberhardt,  L.  E.;  Hanson,  W.  C;  Bengtson,  J.  L.; 

Garrott,  R.  A.;  Hanson,  E.  E.  Arctic  fox  home 

range  characteristics  in  an  oil-development  area. 

Journal  of  Wildlife  Management.  46(1):  183-190; 

1982. 
Petroleum  development  facilities  were  present  in  the 
home  ranges  of  all  radio-tracked  foxes  (14).  Avoidance  of 
sites  with  high  levels  of  human  activity  varied  among 
foxes.  Resident  foxes  successfully  raised  young  in  natu- 
ral dens  within  83  ft  of  heavily  traveled  roads,  and 
165  ft  of  operating  drill  rigs.  Foraging  was  common  at 
sites  where  garbage  and  handouts  were  available,  in 
years  of  lemming  abundance  as  well  as  scarcity.  Juvenile 
use  of  developed  sites  increased  as  young  became  more 
mobile  in  late  summer.  Garbage  food  sources  may  have 
contributed  to  changes  in  the  Prudhoe  Bay  fox  popula- 
tion, which  was  more  dense  and  experienced  less  dra- 
matic cyclic  fluctuations  than  populations  in  less  dis- 
turbed areas.  No  differences  in  natural  habitat  qualities 
were  apparent  between  areas.  Little  or  no  commercial 
trapping  occurred  on  the  study  area. 

30.  Eckstein.  R.  G.;  O'Brien,  T.  F.;  Rongstad,  O.  J.; 

Bollinger,  J.  G.  Snowmobile  effects  on  movements 
of  white-tailed  deer:  a  case  study.  Environmental 
Conservation.  6(1):  45-51;  1979. 
Data  showed  that  snowmobile  activity  had  no  signifi- 
cant effect  on  home-range  size,  habitat  use,  or  daily  acti- 
vity patterns  of  white-tailed  deer  wintering  in  Wisconsin. 
Snowmobile  activity  did  cause  some  deer  to  leave  the 
immediate  vicinity  of  the  snowmobile  trail.  Darkness 
decreased  the  reaction  to  disturbance.  Deer  appeared  to 
react  more  to  a  person  walking  than  on  snowmobile. 

31.  Elgmork,  K.  Human  impact  on  a  brown  bear  popula- 

tion {Ursus  arctos  L.).  Biological  Conservation. 

13(2):  81-103;  1978. 
This  study  looked  at  the  effect  of  human  activity  on  a 
remnant  brown  bear  population  in  southern  Norway  over 
25  years.  Bear  reports  were  compared  with  indices  of 
human  activity,  primarily  the  building  of  a  forest  road 
network  and  clearcutting.  Forest  road  density  was  used 
as  an  indicator  of  human  impact.  The  number  of  bear 
observations  was  negatively  correlated  with  forest  road 
density  and  positively  correlated  with  length  of  timber- 
line  in  an  area.  Negative  tendencies  were  also  indicated 
in  areas  close  to  cabin  concentrations.  The  author  feels 
this  effect  may  be  more  visible  later,  as  extensive  build- 
ing of  cabins  has  occurred  only  in  the  last  10  years.  A 
theoretical  model  is  developed— and  supported  by  field 
observations— relating  bear  observations,  timberline,  and 
roads. 

32.  Ellis,  D.  H.;  Goodwin,  J.  G.,  Jr.;  Hunt,  J.  R.  Wildlife 

and  electric  power  transmission.  In:  Fletcher,  J.  L.; 

Busnel,  R.  G.,  eds.  Effects  of  noise  on  wildlife. 

New  York:  Academic  Press;  1978:  81-104. 
The  potential  effects  of  powerlines  and  rights-of-way 
are  described.  Construction  and  maintenance  activities 
may  cause  displacement  of  wildlife.  Wildlife  avoidance  of 
powerline  corridors  has  been  little  studied.  No  published 
studies  are  known  on  the  response  of  wilderness  species 
to  powerlines.  Collisions  with  wires  have  been 
documented  for  many  species  of  birds.  These  generally 
involve  few  birds,  but  can  be  serious  mortality  factors  in 
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some  cases.  Legal  and  illegal  hunting  increases  wildlife 
mortality  along  rights-of-way  and  transmission  line  access 
roads,  especially  in  previously  unroaded  areas.  Raptors 
perched  on  utility  poles  are  particularly  vulnerable. 
Studies  indicate  that  hunters  concentrate  along  roads 
and  cleared  trails,  and  this  has  been  shown  to  affect  elk 
movement.  Benefits  of  powerlines  include  increased  food 
for  big  game  along  corridors  and  additional  perches  and 
nest  sites  for  raptors.  Research  in  Idaho  and  Montana 
showed  that  a  transmission  line  did  not  make  a  right-of- 
way  less  attractive  to  deer  and  elk  feeding  in  the  cleared 
area  during  early  spring.  No  significant  difference  in  big 
game  use  of  rights-of-way  and  control  clearings  was 
noted.  Elk  and  deer  showed  no  apparent  hesitation  in 
crossing  the  corridor. 

33.  Epsmark,  Y.  Behavior  reactions  of  reindeer  exposed 

to  sonic  booms.  Journal  of  the  British  Deer  Soci- 
ety. 2(8):  800-802;  1972. 
Reindeer  held  in  an  enclosure  showed  moderate  reac- 
tions (startle  response,  raising  head,  pricking  ears)  when 
exposed  to  36  sonic  booms.  Panic  response  and  extensive 
changes  in  behavior  were  not  observed.  No  difference  in 
reaction  to  varied  boom  strengths  was  observed.  This 
may  be  explained  by  possible  habituation,  or  differences 
in  individual  sensitivities.  Sleeping  and  grazing  animals 
appeared  less  startled.  Effects  on  reproduction  were  not 
part  of  this  study.  Therefore,  negative  influences  of 
sonic  booms  on  reproduction  cannot  be  excluded,  as  sen- 
sitivity may  increase  during  this  period. 

34.  Faro,  J.  B.;  Eide,  S.  H.  Management  of  McNeil 

River  State  Game  Sanctuary  for  nonconsumptive 
use  of  Alaskan  brown  bears.  Proceedings  of  the 
Western  Association  of  State  Game  and  Fish  Com- 
missioners. 54:  113-118;  1974. 
An  increase  in  numbers  of  visitors  attempting  to 
^■"hotograph  bear  concentrations  at  waterfalls  on  the 
McNeil  River  caused  bear-human  conflicts.  Activity 
pa  terns  and  tolerance  of  bears  changed  in  response  to 
increasing  human  disturbance.  Bears  left  the  falls  as 
people  arrived,  gradually  returned  as  people  settled,  and 
I'^ft  again  as  visitors  departed.  Heaviest  use  by  bears  oc- 
curred in  the  evening  in  the  absence  of  humans.  With 
light  disturbance,  bears  tended  to  use  the  falls  all  day. 
Evidence  of  abandonment  of  the  area  by  bears  is  indi- 
cated. In  previous  years,  bears  had  appeared  quite  toler- 
ant of  infrequent  human  activity.  As  visitor  numbers  in- 
creased, bears  entered  camps  more  often  and  showed 
tolerance  only  if  human  activities  remained  within  previ- 
ously established  patterns. 

35.  Geist,  V.  A  behavioural  approach  to  the  manage- 
ment of  wild  ungulates.  In:  Duffey,  E.;  Watt,  A.  S., 
eds.  The  scientific  management  of  animal  and  plant 
communities  for  conservation:  eleventh  symposium 
British  Ecological  Society.  Oxford:  Blackwell  Scien- 
tific Publications;  1970:  413-424. 
General  effects  of  human  disturbance  on  ungulates  are 
described.  Voluntary  abandonment  of  available  habitat, 
in  response  to  disturbance,  will  confine  a  population  to  a 
smaller,  often  less  favorable,  area.  This  may  result  in 
detrimental  physiological  effects  on  the  animals  and 
wasted  habitat.  The  severity  of  the  effect  depends  on 
such  factors  as  the  social  behavior  of  a  species.  Distur- 


bance may  upset  the  animals'  energy  budgets,  ultimately 
resulting  in  decreased  reproductive  performance  caused 
by  absorption  of  embryos,  lower  birth  weights,  and 
reduced  survival  of  young.  The  paper  also  discusses  be- 
havioral aspects  of  disturbance. 

36.  Geist,  V.  Bighorn  sheep  biology.  The  Wildhfe  Soci- 

ety News.  136:  61;  1971a. 
"Mammals  learn  to  minimize  encounters  with  humans, 
if  harassed  enough,  by  reducing  activity  to  areas, 
habitats,  and  times  of  day  where  encounters  with  hu- 
mans are  minimal."  This  can  change  the  ecology  or  re- 
duce the  size  of  a  population  by  habituating  animals  to 
live  in  "second-rate"  habitats  (reference  8  is  cited  as  an 
example). 

37.  Geist,  V.  Is  big  game  harassment  harmful?  Oilweek. 

22(17):  12-13;  1971b. 
Harassment  of  caribou  is  most  detrimental  at  critical 
times  such  as  late  pregnancy,  calving,  and  during  very 
cold  weather.  Chasing  pregnant  females  for  long  dis- 
tances (by  aircraft  or  vehicle)  can  cause  abortion  or  fetus 
displacement.  Excitement  upsets  the  animal's  hormonal 
system,  and  may  adversely  affect  embryo  growth.  Severe 
weight  loss  in  early  gestation,  which  may  result  from 
harassment  combined  with  natural  stress,  has  been 
documented  to  cause  fetus  resorption  in  female  reindeer. 
Disturbance  of  caribou  at  calving  time  can  potentially 
result  in  trampling,  desertion,  or  increased  predation  of 
young. 

38.  Geist,  V.  Behavior.  In:  Schmidt,  J.  L.;  Gilbert,  D.  L., 

eds.  Big  game  of  North  America:  ecology  and 
management.  Harrisburg,  PA:  Stackpole  Books; 
1978:  283-296. 

The  principles  of  learning  explain  many  responses  of 
wildlife  to  human  disturbance.  Animals  may  initially 
react  with  fright  to  an  unusual  sound,  but  subsequent 
behavior  depends  on  the  experiences  associated  with  the 
sound.  Animals  often  learn  to  ignore  persistent,  localized 
noise  (airports,  industrial  activity)  that  they  can  approach 
or  avoid.  They  will  respond  with  excitation  and  flight  to 
sounds  associated  with  alarming  events  (pursuit  by  vehi- 
cle) but  may  search  for  the  source  of  sounds  with  positive 
associations  (chain  saw  noise  indicating  food  to  deer). 

Avoidance  or  abandonment  of  areas  associated  with 
unpleasant  experiences,  such  as  human  disturbance,  may 
result  in  a  reduction  in  range.  Predation,  increased 
energy  expenditure,  and  loss  of  access  to  resources  may 
subsequently  reduce  the  population.  Highly  gregarious 
ungulates  are  generally  most  seriously  affected. 

If  human  contacts  continue  to  occur  and  are  not  nega- 
tively reinforced,  grizzly  bears  wiU  not  only  learn  to  ignore 
people,  but  will  proceed  to  the  next  stage  of  behavior- 
total  exploration— which  must  be  preceded  by  attack. 

39.  Graber,  D.;  White,  M.  Management  of  black  bears 

and  humans  in  Yosemite  National  Park.  Cal-Neva 

Wildlife.  1978:  42-51. 
A  recent  increase  in  bear/human  conflicts  in  Yosemite 
backcountry  can  most  likely  be  explained  by  the  great 
influx  of  hikers  and  campers  during  the  past  decade. 
This  has  increased  familiarity  and,  subsequently,  reduced 
fear  of  humans  by  bears  whose  home-ranges  include 
backcountry  camping  areas. 
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40.  Gruell,  G.  E.;  Becker,  K.;  Roby,  G.;  Johnson.  R. 

Gros  Ventre  Cooperative  Elk  Study  -  progress 
report.  Jackson,  WY:  U.S.  Department  of  Agricul- 
ture, Forest  Service,  Bridger-Teton  National  Forest 
and  Wyoming  Game   and  Fish  Department;  1975. 
127  p. 
This  study  on  the  influence  of  logging  on  elk  con- 
cluded that  the  activity,  not  the  physical  existence,  of 
primitive  roads  influences  elk  behavior.  Data  indicate 
that  four-wheel-drive  roads  had  minimum  influence  on 
elk  when  used  infrequently  during  summer.  During  hunt- 
ing season,  elk  avoided  areas  of  regularly  used  roads. 
Their  movements  increased  and  became  more  erratic, 
apparently  influenced  by  hunter  disturbance  and,  possi- 
bly, rutting  activities. 

41.  Gunn,  A.;  Miller,  F.  L.  Responses  of  Peary  caribou 

cow-calf  pairs  to  helicopter  harassment  in  the 
Canadian  high  arctic.  In:  Reimers,  E.;  Gaare,  E.; 
Skjennelberg,  S.,  eds.  Proceedings,  second  interna- 
tional reindeer/caribou  symposium;  1979  September 
17-21;  Roros,  Norway.  Trondheim,  Norway:  Direk- 
toratet  for  viltog  Jerskvannsfisk;  1980:  497-507. 
Cow-calf  responses  to  helicopter  passes  of  790  to 
1,220  ft  were  observed.  Calves  tended  to  be  more  alert, 
respond  sooner,  and  initiate  cow-calf  regrouping  more 
often  than  their  maternal  cows.  The  level  of  response 
was  less  in  August  than  in  July.  Responses  diminished 
as  the  helicopter  departed.  The  tendency  of  cow-calf 
pairs  to  reunite  increased  the  response  level  of  other 
caribou.  The  behavior  of  the  maternal  cow  apparently 
acted  as  a  signal  for  the  group  to  move  away  from  the 
disturbance. 

42.  Hanley,  P.  T.;  Hemming.  J.  E.;  Morsell,  J.  W.;  More- 

house, T.  A.;  Leask,  L.  E.;  Harrison,  G.  S.  Natural 
resource  protection  and  petroleum  development  in 
Alaska.  Report  prepared  for  Office  of  Biological 
Services,  Fish  and  Wildlife  Service,  U.S.  Depart- 
ment of  the  Interior,  Washington,  DC.  318  p. 
General  impacts  of  petroleum  development  in  Alaska 
are  described.  Noise  may  cause  animals  to  avoid  areas 
while  activity  is  in  progress.  Land  surface  alteration  has 
ehminated  critical  habitat,  particularly  nest  sites  of 
shorebirds,  which  have  been  displaced  in  large  numbers 
with  adverse  effects  on  their  reproductive  potential. 
Shorebird  nesting  densities  have  been  reduced  as  a  result 
of  the  "road  effect"— a  combination  of  noise,  activity, 
and  dust  ("dust  shadow")  that  extends  the  area  of  dis- 
turbance and  habitat  alteration  beyond  the  actual  road. 
Use  of  cleared  areas  (roads,  rights-of-way.  etc.)  may  in- 
crease for  some  species  due  to  the  presence  of  preferred 
food,  increased  edge,  and  easier  travel  routes.  Improper 
garbage  handhng  and  feeding  by  workers  have  attracted 
bears  and  other  scavengers,  which  have  subsequently 
shown  signs  of  behavior  alteration,  including  loss  of  fear 
of  humans.  Fuel.  oil.  and  mud  spills  reduce  habitat  by 
destroying  vegetation.  Fuel  spills  are  especially  destruc- 
tive. Water  pollution  is  more  serious  than  land  pollution 
and  may  cause  injury  or  death  of  wildUfe. 

43.  Hanson,  W.  C.  Caribou  encounters  with  pipelines  in 

northern  Alaska.  Canadian  Field-Naturalist.  95(1): 
57-62;  1981. 


Caribou  reactions  to  raised  berms  resulting  from  pipe- 
line burial  were  observed.  Caribou  movements  were 
deflected  when  berms  were  higher  than  1.2  m;  but  the 
animals  readily  crossed  lower  berms.  Bulls  showed 
greater  acceptance  of  the  berms  than  did  cows  and 
calves,  especially  during  the  second  study  season.  Ceiri- 
bou  sensitivity  to  the  installation  appeared  to  decrease 
with  increased  experience.  Animals  often  seemed  reluc- 
tant to  leave  elevated  berms  when  a  breeze  offered  relief 
from  insect  harassment. 

44.  Harding,  L.;  Nagy.  J.  A.  Responses  of  grizzly  bears 

to  hydrocarbon  exploration  on  Richards  Island. 
Northwest  Territories.  Canada.  In:  Martinka,  C.  J.; 
Mc Arthur,  K.  L..  eds.  Bears  -  their  biology  and 
management.  [Calgary.  AB]:  The  Bear  Biology  As- 
sociation; 1980:  227-280. 
Observations  showed  that  although  bears  coexisted 
with  industrial  activity  they  appeared  to  actively  avoid 
drilling  and  staging  camps.  Bears  entering  camps  fled 
quickly  from  crowds  and  motorized  vehicles.  Some  bears 
wintered  successfully  in  dens  1  to  4  mi  from  active 
camps.  Others  abandoned  dens  directly  disturbed  by 
seismic  vehicle  and  gravel  mining  activities.  Bear 
responses  to  aircraft  were  variable  and  unpredictable. 
Most  animals  responded  with  some  degree  of  aversion 
and/or  energy  expenditure.  Bears  responded  more  to 
helicopters  than  to  fixed-wing  aircraft.  Animals  previ- 
ously captured  and  tranquilized  avoided  subsequent  air- 
craft approaches.  Although  there  is  no  evidence  to  sug- 
gest that  current  numbers  and  distribution— which  have 
apparently  stabilized  in  relation  to  existing  facilities— of 
bears  are  significantly  affected  by  oil  field  activities,  the 
authors  feel  that  cumulative  impacts  of  proposed  de- 
velopment will  reduce  the  current  population  to  the 
point  where  its  continued  existence  will  depend  on 
immigration. 

45.  Harms,  D.  R.  Black  bear  management  in  Yosemite 

National  Park.  In:  Martinka,  C.  J.;  McArthur, 

K.  L.,  eds.  Bears  -  their  biology  and  management. 

[Calgary,  AB]:  The  Bear  Biology  Association;  1980: 

203-212. 
"The  natural  behavior,  foraging  habits,  distribution, 
and  numbers  of  black  bears  in  Yosemite  National  Park 
have  been  significantly  altered  by  habituation  to  human- 
supplied  food  sources."  Extensive  development,  and  high 
levels  and  patterns  of  visitor  use,  have  concentrated 
human  use  in  available  bear  habitat,  increasing  the 
potential  for  bear/human  encounters.  Repeated  food- 
reward  associations  with  people,  in  addition  to  a  loss  of 
fear  of  humans,  have  contributed  to  the  bears  developing 
increasingly  sophisticated  depredation  patterns. 

46.  Harrison,  R.  T.  Quantifying  the  acoustic  dose  when 

determining  the  effects  of  noise  on  wildlife.  In: 
Fletcher,  J.  L.;  Busnel,  R.  G.,  eds.  Effects  of  noise 
on  wildlife.  New  York:  Academic  Press;  1978: 
267-285. 
We  have  little  knowledge  of  the  threshold  levels  at 
which  particular  sounds  are  perceived  by  wildlife  species, 
or  how  animals  specifically  react  to  a  particular  sound. 
Mere  perception  of  certain  sounds  by  wildlife  can  cause 
significant  reactions.  Often  it  is  the  information  carried 
by  the  perception  of  the  sound  rather  than  the  sound  it- 
self that  causes  the  reaction. 
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Carnivores,  such  as  grizzly  bears,  are  a  con- 
cern in  areas  affected  by  petroleum  activi- 
ties, and  this  review  focuses  on  them. 


47.  Hershey,  T.  J.;  Leege,  T.  A.  Influences  of  logging  on 
elk  on  summer  range  in  northcentral  Idaho.  In: 
Hieb,  S.  R.,  ed.  Proceedings,  elk-logging-roads  sym- 
posium. Moscow,  ID:  University  of  Idaho,  Forest, 
Wildlife  and  Range  Experiment  Station;  1976: 
78-82. 
Data  showed  that  elk  avoided  habitat  within  0.25  mi 
and  showed  preference  for  areas  more  than  0.25  mi  from 
primary  and  secondary  roads.  Use  apparently  decreased 
in  proportion  to  road  density,  intensity,  type,  and  use 
season.  A  long-established  road  open  to  traffic  and  cross- 
ing an  elk  use  area  disrupted  elk  within  0.25  mi  by  forc- 
ing them  to  disperse  farther  from  the  road,  or  causing 
their  elimination  through  increased  hunter  access  and 
harvest.  The  population  studied  was  heavily  hunted  and 
vulnerable  due  to  road  densities  and  clearcuts.  When  un- 
disturbed, elk  began  to  use  roads  as  travel  lanes  and 


areas  close  to  roads  for  feeding  and  resting  when  snow 
depth  was  more  than  12  inches.  Elk  were  closest  to 
roads  in  November. 

48.  Hicks,  L.  L.;  Elder,  J.  M.  Human  disturbance  of 

Sierra  Nevada  bighorn  sheep.  Journal  of  Wildlife 
Management.  43(4):  909-915;  1979. 
Recreationjil  use  has  apparently  not  decreased  Mount 
Baxter  California  bighorn  numbers.  Overall  bighorn  dis- 
tribution was  not  negatively  related  to  human  presence, 
and  was  positively  related  to  food  resources.  Foot  trails 
did  not  adversely  affect  sheep  movement  and  were  often 
used  by  the  animals.  Humans  and  bighorn  were  gener- 
ally spatially  separated  on  summer  range  due  to  prefer- 
ences for  different  habitat  features.  Frequent  contact 
was  limited  to  specific  areas,  where  sheep  appear  condi- 
tioned to  hikers  and  can  watch  them  approach  from 
some  distance  below.  Herd  size  and  the  distance  and  ele- 
vation of  a  person  in  relation  to  the  sheep  influence  the 
sheep's  reaction  to  human  approach.  Bighorn  reacted 
more  often  to  an  approach  from  above  than  one  from 
below.  Smaller  groups  appeared  more  susceptible  to  dis- 
turbance. Results  of  this  study  were  based  on  low 
human  use  (under  25  per  day). 

49.  Hinman,  R.  The  impact  of  oil  development  on  wild- 

life populations  in  northern  Alaska.  Proceedings, 
Annual  Conference  of  Western  Association  of  State 
Game  and  Fish  Commissioners.  54:  156-164;  1974. 
A  study  by  Child  (1973)  on  pipeline  crossing  by  cari- 
bou found  that  the  majority  of  caribou  tended  to  avoid 
simulated  pipeline  structures.  Less  than  25  percent  used 
ramps  and  underpasses;  the  rest  did  not  cross.  The  de- 
gree to  which  crossing  facilities  were  used  depended  to 
some  extent  on  the  age  and  sex  composition  of  the 
group,  the  degree  of  insect  heirassment,  and  chronology. 
There  was  some  evidence  that  caribou  might  habituate 
to  the  structure  with  experience. 

50.  Hood,  R.  E.;  Inglis,  J.  M.  Behavioral  responses  of 

white-tailed  deer  to  intensive  ranching  operations. 

Journal  of  Wildlife  Management.  38(3):  488-498; 

1974. 
Data  suggested  that  deer  home  ranges  were  enlarged 
and/or  completely  shifted  in  response  to  repeated  cattle 
roundup  disturbance.  After  initiation  of  roundups,  all 
deer  made  frequent  excursions  outside  their  known  home 
ranges,  often  independent  of  the  timing  or  intensity  of 
disturbance.  Deer  reaction  to  cattle  drives  varied  by  sex. 
Bucks  responded  more  than  does,  generally  reacting 
with  a  long  flight,  and  ranging  farther  during  distur- 
bance than  at  other  times.  Does  usually  took  a  circui- 
tous escape  route,  but  returned  within  a  few  hours,  and 
did  not  range  farther  during  disturbance  than  at  other 
times. 

51.  Horejsi,  B.  L.  Behavioral  response  of  barren-ground 

caribou  to  a  moving  vehicle.  Arctic.  34(2):  180-185; 
1981. 
"In  general,  caribou  exhibit  signs  of  anxiety  and  fear 
when  encountering  a  fast-moving  vehicle,  and  they  exert 
themselves  strenuously  for  a  short  period  when  with- 
drawing from  a  vehicle.  It  appears  that  caribou  react  to 
a  vehicle  based  on  the  rate  of  approach,  involving  the 
principle  of  looming,  rather  than  on  the  movement  itself." 
Looming  is  "the  accelerated  magnification  of  the  form  of 
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an  approaching  object."  Most  caribou  reacted  to  a 
pickup,  traveling  at  least  35  mi/h,  by  running  (48  per- 
cent) or  trotting  (38  percent)  away.  Response  differed  by 
sex  in  forested  habitat,  where  males  allowed  a  much 
closer  approach  than  females,  but  not  in  open  habitat. 

52.  Interstate  Oil  Compact  Commission.  Additional  en- 

vironmental problems  relating  to  oil  and  gas 
production.  Oklahoma  City,  OK;  1974.  16  p. 
In  response  to  a  survey,  nine  States  reported  wildlife 
deaths  due  to  pits  associated  with  oil  field  operations. 
Significant  numbers  of  animals  were  involved  in  Califor- 
nia and  Colorado.  The  problem  was  continuing  in  three 
States,  and  of  short  duration  or  unique  in  the  others. 
Five  States  reported  specific  instances  of  waterfowl 
deaths  on  reserve  pits,  especially  during  migration.  The 
main  causes  of  death  included:  (1)  coating  of  birds  with 
oil  from  the  pit,  preventing  flight,  and  (2)  ingestion  of 
toxic  substances  as  a  result  of  drinking  in  the  pits.  Live- 
stock drownings  have  also  been  reported. 

53.  Kennedy,  K.  The  environmental  impacts  of  energy 

extraction.  Environmental  Views.  2(1):  3-8;  1979. 
Salt  water  spills,  generally  from  injection  pipelines,  are 
relatively  unpublicized,  but  "definitely  on  the  rise,  in 
contrast  to  the  declining  volume  of  oil  spilled."  Water 
associated  with  oil  wells  typically  contains  a  very  high 
concentration  of  salt  which,  when  mixed  with  surface 
fresh  water,  can  make  it  undrinkable.  On  land,  the  salts 
can  kill  plants. 

54.  Klein,  D.  R.  Reaction  of  reindeer  to  obstructions  and 

disturbances.  Science.  173:  393-398;  1971. 


Well-traveled  highways  and  railroads  have  obstructed 
movements  of  wild  reindeer  in  Scandinavia  and  caused 
them  to  abandon  a  portion  of  their  range.  Reindeer 
stopped  crossing  railroad  tracks,  which  transected  their 
range,  when  train  traffic  increased  several  years  after 
construction  of  the  tracks.  The  animals  have  apparently 
become  somewhat  habituated  to  normal  amounts  of 
highway  traffic.  However,  vehicle  collisions  kill  many 
animals  each  year,  especially  in  winter,  when  reindeer 
use  roads  and  railroads  as  snow-free  travel  routes.  Evi- 
dence suggests  that  reindeer  (wild  and  domesticated)  in 
poor  physical  condition  are  less  able  to  adjust  to  en- 
vironmental disruptions  than  animals  in  good  physical 
condition.  The  author  believes  that  "the  Scandinavian 
experiences  with  reindeer  should  provide  a  basis  for  an- 
ticipating the  problems  to  be  encountered  with  caribou." 
55.   Klein,  D.  R.  The  impact  of  oil  development  in  the 
northern  environment.  Petrolieri  d'ltalia.  1972  Oc- 
tober: 39-44. 
Obstruction  of  seasonal  migrations  of  large  mammals 
reduces  efficiency  of  habitat  utilization,  and  may  isolate 
essential  range  components,  causing  a  reduction  in  ani- 
mal numbers.  WildUfe  displaced  as  a  result  of  human 
disturbance  cannot  be  expected  to  find  suitable,  unoc- 
cupied habitat  to  support  them  in  adjacent  areas,  but 
will  potentially  die  of  natural  causes  or  displace  other 
animals.  We  must  assume  that  a  balance  already  exists 
between  the  habitat  and  resident  animals  in  areas  adja- 
cent to  disturbance. 


The  Rocky  Mountain  area,  including  bighorn  sheep  range,  has  received  considerable 
emphasis  in  wildlife-petroleum  research,  especially  in  recent  years. 
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56.  Klein,  D.  R.  The  reaction  of  some  northern  mammals 

to  aircraft  disturbance.  In:  Eleventh  International 
Congress  of  Game  Biologists;  1973  September  3-7; 
Stockholm,  Sweden.  Stockholm,  Sweden:  National 
Swedish  Environmental  Protection  Board;  1974: 
377-383. 
Caribou  generally  showed  stronger  and/or  more  fre- 
quent reactions:  (1)  to  helicopters  than  fixed-wing  air- 
craft at  low  altitudes;  (2)  when  aircraft  altitude  was 
200  ft  or  less  (strong  flight  and  panic  responses);  (3)  dur- 
ing summer  rather  than  spring  migration,  except  during 
periods  of  severe  insect  harassment,  when  reactions 
decreased;  and  (4)  in  larger  groups  (more  than  10),  espe- 
cially cow-calf-yearling  groups.  Caribou  often  changed 
their  activity  or  altered  their  behavior  in  response  to  air- 
craft. Moose  showed  greater  indifference  to  aircraft, 
though  cows  and  calves  often  ran.  Wolves  appeared  least 
disturbed  and  showed  evidence  of  habituation.  Grizzly 
bears  reacted  very  strongly,  running  and  attempting  to 
avoid  the  aircraft.  The  previous  experience  of  wildlife 
with  aircraft  may  be  an  important  consideration  in 
Alaskan  and  Canadian  studies. 

57.  Klein,  D.  R.  The  Alaska  oil  pipeline  in  retrospect. 

Transactions  of  the  North  American  Wildlife  and 
Natural  Resources  Conference.  44:  235-246;  1979. 
Caribou  have  not  adjusted  as  well  as  moose  to  the 
presence  of  the  trans- Alaska  pipeline.  Research  has 
shown  that  caribou  have  altered  their  movements  and 
patterns  of  range  use  in  relation  to  the  pipeUne  corridor. 
Cows  with  calves  show  pronounced  avoidance  of  the 
pipeline,  road,  and  oil  field.  Traffic  and  human  activity 
appear  more  directly  responsible  for  avoidance  behavior 
than  does  the  physical  presence  of  the  pipeline,  road, 
and  facilities.  Animals  along  the  haul  road  are  especially 
vulnerable  to  poaching  because  of  the  open  terrain  and 
the  fact  that  many  became  tame  during  the  peak  of  con- 
struction activity.  Poaching,  especially  of  furbearers,  has 
increased  as  pipeline-related  traffic  has  decreased. 

58.  Knight,  J.  E.  Effect  of  hydrocarbon  development  on 

elk  movements  and  distribution  in  northern  Michi- 
gan. Ann  Arbor,  MI:  University  of  Michigan;  1980. 
79  p.  Ph.D.  dissertation. 
Seismic  activity  significantly  affected  movements,  but 
not  distribution  and  range  use,  of  elk.  Distances  moved 
were  generally  inverse  to  the  distance  from  seismic  acti- 
vity, and  represented  an  increase  of  2  to  3.5  times  nor- 
mal daily  movement.  The  movement  response  occurred 
immediately  following  the  disturbance,  and  normal  acti- 
vity patterns  were  followed  the  day  after.  Bulls  gener- 
ally did  not  move  as  far  as  cows  when  disturbed.  Data 
suggest  that,  as  a  result,  harems  may  be  broken  up  and 
herd  organization  disrupted  during  rut.  Cows  with  calves 
moved  significantly  farther  than  cows  without  calves. 
Oil  well  activity  did  not  affect  movements  or  distribu- 
tion of  elk.  Until  elk  become  accustomed  to  noise  and  ac- 
tivity at  drilling  rigs,  which  extend  the  influence  of 
drilling  beyond  the  actual  site,  they  may  avoid  parts  of 
their  range.  On  the  other  hand,  noise  allows  animals  to 
become  aware  of  disturbance  before  it  is  seen,  so  they 
are  not  startled. 


59.  Kovach,  S.  D.  An  ecological  survey  of  the  White 

Mountain  Peak  bighorn.  In:  Desert  Bighorn  Coun- 
cil. Transactions-1979;  1979  April  4-6;  Boulder 
City,  NV.  Las  Vegas,  NV:  Desert  Bighorn  Council; 
23:  57-61;  1979. 
Observations  suggested  that  bighorn  sheep  would  not 
tolerate  a  direct  approach,  or  approach  from  above,  by 
humans.  The  critical  flight  distance  observed  for  active 
approach  to  bighorns,  at  which  they  immediately  left  the 
area,  appeared  to  be  300  to  350  ft.  The  animals  were  ap- 
parently not  disturbed  by  people  in  vehicles,  but  fled  if  a 
person  left  the  vehicle. 

60.  Kushlan,  J.  A.  Effects  of  helicopters  on  wading  bird 

colonies.  Journal  of  Wildhfe  Management.  43(3): 
756-760;  1979. 
Neither  fixed-wing  aircraft  nor  helicopters  flying  at  al- 
titudes of  at  least  200  ft  "drastically  disturbed"  egret 
and  heron  colonies.  Ninety  percent  of  the  birds  showed 
no  reaction  or  merely  looked  up.  Disturbance  caused  by 
helicopters  was  less  than  or  equal  to  that  caused  by 
fixed-wing  aircraft.  The  author  cautions  that  the  effects 
of  aircraft  surveys  may  differ  under  other  conditions  or 
with  other  aircraft. 

61.  Kvale,  C.  T.  Preliminary  phosphate  mining  impacts 

on  mule  deer,  elk,  and  moose  in  southeastern 
Idaho.  Proceedings,  Western  Association  of  Fish 
and  Wildlife  Agencies.  60:  527-545;  1980. 
Phosphate  mining  activities  apparently  contributed  to 
a  delay  in  mule  deer  migration  to  winter  range.  Increas- 
ing snow  accumulation  may  have  added  to  the  delay. 
Deer  migrating  through  a  mine  site  area  (including 
roads,  railroads,  human  activity)  arrived  significantly 
later  on  the  winter  range  than  those  that  bypassed  the 
mine  area.  Forced  delays  in  migration,  with  increasing 
snow  accumulation,  could  cause  sufficient  additional 
stress  to  be  detrimental  to  wildlife.  Population  dynamics 
may  ultimately  be  affected.  The  author  concludes  that 
the  number  of  acres  removed  from  big  game  production 
will  ultimately  determine  the  impact  of  phosphate  min- 
ing on  ungulates. 

62.  LesHe,  D.  M.,  Jr.;  Douglas,  C.  L.  Human  disturbance 

at  water  sources  of  desert  bighorn  sheep.  Wildlife 

Society  Bulletin.  8(4):  284-290;  1980. 
Desert  bighorn  sheep  altered  their  behavior  and  move- 
ments in  response  to  construction  activity  near  their  pri- 
mary watering  hole.  The  percentage  of  sheep  watering  at 
the  construction  site  declined  significantly  during  con- 
struction and  increased  significantly  at  a  less  disturbed 
site.  The  sheep  that  continued  to  water  near  construc- 
tion altered  their  direction  of  approach  to  avoid  the  im- 
pacted area  yet  maximize  visual  contact  with  the  site. 
Assuming  subpopulations  at  water  sources  are  generally 
at  summer  carrying  capacity,  an  increase  in  sheep  num- 
bers at  one  source  would  cause  overutilization  of  forage. 
Sheep  productivity  was  apparently  not  affected,  but 
lamb  survival  may  have  been.  The  affected  population 
was  highly  habituated  to  human  presence.  The  authors 
conclude  the  observed  responses  would  be  magnified  in 
areas  where  sheep  were  less  accustomed  to  humans  and 
where  alternative  water  sources  were  not  available. 
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63.  Lieb,  J.  W.;  Mossman,  A.  S.  Final  progress  report 

on  Roosevelt  elk  in  Prairie  Creek  Redwoods  State 
Park.  1967.  Unpublished  report  submitted  to 
California  Department  of  Parks  and  Recreation, 
Sacramento,  CA.  8  p. 
Data  indicate  that  human  disturbance  often  caused  elk 
to  move  from  primary  to  secondary  forage  areas,  and 
also  disrupted  rutting  activities.  Cows  with  young  calves 
were  observed  to  stay  away  from  the  central  part  of 
their  home  ranges,  which  received  heavy  human  use,  3 
to  6  weeks  beyond  normal. 

64.  Light,  J.  T.  An  ecological  view  of  bighorn  habitat  on 

Mount  San  Antonio.  In:  Transactions  of  the  first 
North  American  wild  sheep  conference;  1971  April 
14-15;  Fort  Collins,  CO.  Fort  Collins,  CO:  Colorado 
State  University,  Department  of  Fishery  and  Wild- 
life Biology;  1971:  150-157. 
An  analysis  of  bighorn  sheep  habitat  features,  habitat 
use,  and  human  use  indicates  that  heavy  human  use  of 
high-value  habitat  is  excluding  bighorn  use.  There  is  evi- 
dence that  large  gireas  of  bighorn  habitat,  suitable  for 
occupancy,  have  been  vacated  by  sheep  as  a  result  of 
human  influence  over  a  number  of  years.  It  appears  that 
many  documented  cases  of  bighorn  tolerance  to  humans 
occur  mainly  in  areas  where  human  use  is  relatively 
infrequent.  Sheep  may  tolerate  occasional  human  visi- 
tors, but  continual  human  intrusion  can  cause  stress  and 
avoidance  of  disturbed  areas.  Observations  suggest  that 
ewes  with  lambs  were  most  intolerant  of  humans,  espe- 
cially when  the  observer  was  in  or  above  their  cover  ele- 
ment. Sheep  rapidly  retreated  to  cover  when  approached 
too  closely  in  the  open. 

65.  Luz,  G.  A.;  Smith,  J.  B.  Reactions  of  pronghorn 

antelope  to  helicopter  overflight.  Journal  of  the 
Acoustical  Society  of  America.  59(6):  1514-1515; 
1976. 
Pronghorn  showed  no  reaction  to  helicopter  overflights 
of  400  ft  altitude  and  3,000  ft  slant  range.  Muscle  tens- 
ing and  interruption  of  grazing  were  observed  as  the  air- 
craft descended  toward  the  herd.  The  animals  ran  when 
the  helicopter  was  at  an  altitude  of  150  ft  and  slant 
range  of  500  ft.  The  pronghorn  did  not  react  to  60  dB 
noise,  but  reacted  strongly  to  70  dB.  Helicopters  are 
rare  in  the  area  studied.  These  results  are  in  contrast  to 
other  observations  of  deer  near  a  heliport  apparently  re- 
maining undisturbed  when  a  helicopter  hovered  75  ft 
overhead. 

66.  Lynch,  T.  E.;  Speake,  D.  W.  Eastern  wild  turkey 

behavioral  responses  induced  by  sonic  boom.  In: 
Fletcher,  J.  L.;  Busnel,  R.  G.,  eds.  Effects  of  noise 
on  wildhfe.  New  York:  Academic  Press;  1978: 
47-61. 
Exposure  of  wild  turkey  brood  groups  and  hens  on 
nests  to  real  and  simulated  sonic  booms  caused  no 
apparent  abnormal  behavior  that  would  reduce  produc- 
tivity. Alert  responses  lasting  less  than  30  seconds  were 
generally  observed. 

67.  Lyon,  L.  J.  Coordinating  forestry  and  elk  manage- 

ment in  Montana:  initial  recommendations.  Trans- 
actions of  the  North  American  wildlife  and 
natural  resources  conference.  40:  193-200;  1975. 
Studies  on  elk  (hunted  population)  on  a  Montana  sum- 


mer range  concluded  that  elk  moved  away  from  logging 
and  road  construction  activity  until  adequate  security 
was  achieved.  Elk  density  decreased  in  a  drainage  where 
construction  and  logging  occurred  and  increased  over  the 
ridgeline  in  adjacent,  undisturbed  drainages.  Ridgeline 
road  construction  caused  a  reduction  in  density  near  the 
ridge,  further  movement,  and  changes  in  elk  distribution 
for  up  to  4  mi.  Elk  reactions  to  even  long-established, 
low-quality  forest  roads  appeared  to  be  generally  nega- 
tive unless  adjacent  timber  cover  was  very  dense.  New 
road  construction  appeared  to  be  extremely  disruptive. 

68.  Lyon,  L.  J.  Habitat  effectiveness  for  elk  as  in- 

fluenced by  roads  and  cover.  Journal  of  Forestry. 
77(10):  658-660;  1979. 
Data  from  8  years  of  pellet  counts  show  that  western 
Montana  elk  tend  to  avoid  habitat  adjacent  to  open  for- 
est roads.  Elk  use  increased  with  increasing  distance 
from  roads.  The  area  avoided  was  inversely  proportional 
to  amount  of  tree  cover.  The  author  concludes  that  open 
forest  roads  decrease  the  effectiveness  of  available  elk 
habitat. 

69.  Mackie,  R.  J.;  Pac,  D.  F.  Deer  and  subdivisions  in 

the  Bridger  Mountains,  Montana.  Proceedings 
Western  Association  of  Fish  and  Wildlife  Agencies. 
1980:  517-526. 
Development  of  subdivisions  on  or  adjacent  to  critical 
mule  deer  winter  range  has  an  important  influence  on 
deer  occurrence  and  abundance  in  the  Bridger  Range.  A 
reduction  in  the  amount,  quality,  or  availability  to  deer 
of  winter  range— as  a  result  of  direct  habitat  loss  or 
disturbance— can  be  expected  to  decrease  numbers  of 
deer  on  the  winter  range  and  in  areas  used  by  those  deer 
in  summer  and  fall.  Loss  of  some  areas  will  concentrate 
deer  in  smaller  areas  and/or  force  them  to  use  marginal 
habitat.  Deer  on  adjacent,  undisturbed  winter  ranges 
will  probably  be  affected  as  well.  Disturbance  will  place 
additional  energy  costs  on  the  deer  and  will  increase  the 
energy  deficit  on  which  they  typically  exist  during  win- 
ter. As  a  result,  survival  and  reproductive  potential  may 
be  reduced  the  following  year. 

70.  McMillan,  J.  F.  Some  observations  on  moose  in 

Yellowstone  Park.  American  Midland  Naturalist. 

52(2):  392-399;  1954. 
Observations  suggest  that  variation  in  moose  response 
to  human  approach  depends  on  the  activity  of  the 
animal,  its  relation  to  cover,  and  the  manner  of  approach. 
Moose  appeared  more  tolerant  of  a  slow,  quiet  approach 
than  a  fast,  noisy  one.  Moose  showed  evidence  of  habitu- 
ation to  humans.  Animals  in  relatively  undisturbed  areas 
were  less  tolerant  of  disturbance  than  those  in  areas  fre- 
quented by  tourists.  Vehicle  sounds  did  not  seem  to 
alarm  moose  in  areas  near  roads  and  activity.  Noise 
combined  with  movement  appeared  to  frighten  animals 
more  than  noise  alone. 

71.  Mech,  L.  D.  The  wolves  of  Isle  Royale.  Fauna  Series 

7.  Washington,  DC:  U.S.  Department  of  the  Interior, 
National  Park  Service;  1966.  210  p. 
Wolves  appeared  conditioned  to  planes  as  low  as  100 
to  200  ft  after  several  harmless  encounters.  Packs  en- 
countered less  frequently  showed  more  concern  about 
the  plane.  Observations  suggested  wolves  were  afraid  of 
humans.  They  were  easily  chased  from  a  moose  carcass 
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and  did  not  return  for  several  hours.  Wolves  appeared 
afraid  of  objects  with  recent  human  scent  but  not  of 
man-made  structures  with  no  recent  scent. 

72.  Memphis  State  University.  Effects  of  noise  on  wild- 

life and  other  animals.  1971.  Unpublished  report 
prepared  for  U.S.  Environmental  Protection 
Agency,  Office  of  Noise  Abatement  and  Control, 
Washington,  DC.  74  p. 
Literature  dealing  directly  with  the  effects  of  noise  on 
wildlife  is  limited.  Effects  can  be  inferred  from  lab 
studies  on  domestic  animals,  incidental  observations  of 
wildlife  response  to  noise,  and  information  on  communi- 
cation and  auditory  ranges  of  different  species.  Sus- 
pected effects  of  noise  on  wildlife  include  (1)  masking  of 
signals  that  influence  courtship,  spacing,  care  of  young, 
prey  detection  and  escape,  etc.,  and  consequent  interfer- 
ence with  these  life  processes,  and  (2)  direct  effects  on 
physiological  and  behavioral  processes,  including  hearing 
loss  and  noise-induced  stress  responses.  A  lack  of  visible 
response  by  an  animal  does  not  necessarily  imply  adap- 
tation or  lack  of  effect. 

73.  Michael,  E.  D.  Effects  of  highway  construction  on 

game  animals.  Proceedings  Annual  Conference  of 
the  Southeastern  Association  of  Fish  and  Wildlife 
Agencies.  32:  48-52;  1978. 
Populations  of  white-tailed  deer,  rabbit,  ruffed  grouse, 
gray  squirrel,  and  turkey  were  apparently  not  affected 
by  road  construction  (using  heavy  equipment  and  blast- 
ing). The  amount  of  animal  sign  near  the  highway  did 
not  differ  significantly  from  the  amount  1  mi  away  for 
any  species.  For  these  species,  habitat  loss  is  restricted 
to  the  area  occupied  by  pavement,  berm,  and  right-of- 
way.  The  addition  of  right-of-way  vegetation  and  crea- 
tion of  ecotonal  areas  will  cause  some  wildlife  species  to 
increase,  while  others  decrease. 

74.  Milke,  G.  Animal  feeding:  problems  and  solutions. 

Special  Report  No.   14.  Anchorage,  AK:  Joint 
State/Federal  Fish  and  Wildlife  Advisory  Team; 
1977.  11  p. 
Animal  feeding  was  a  major  problem  during  construc- 
tion of  the  Alaska  pipeline  and  is  continuing  into  the 
operations  and  maintenance  phase  to  a  lesser  extent. 
Large  numbers  of  animals— especially  bears,  wolves, 
foxes,  ground  squirrels,  gulls,  and  ravens— were  at- 
tracted to  human  activity  as  a  result  of  active  feeding 
by  employees  and  improper  handling  and  disposal  of 
food  and  garbage.  The  actual  and  potential  adverse 
effects  of  animal  feeding  include:  (1)  alteration  of  normal 
behavior  and/or  nutrition,  which  may  be  passed  on  to 
subsequent  generations;  (2)  loss  of  fear  of  humans,  which 
may  lead  to  human  injury  or  property  damage;  (3)  de- 
struction and/or  harassment  of  "nuisance"  animals;  (4) 
vehicle  collisions  with,  or  illegal  shooting  of,  animals 
waiting  along  road  for  "handouts"  (commonly  given  by 
truckers);  (5)  delay  of  traditional  movements  by  animals 
which  stay  near  camps  to  be  fed.  These  may  interfere 
with  normal  denning  of  bears,  and  nutrition  of  wolves, 
which  normally  follow  caribou. 

75.  Miller,  F.  L.  A  new  era— are  migratory  barren- 

ground  caribou  and  petroleum  exploitation  compat- 
ible? Transactions  of  the  Northeastern  Section,  The 
Wildlife  Society.  31:  45-55;  1974. 


Results  of  intensive  study  indicate  that  the  primary 
factor  limiting  growth  of  the  Kaminuriak  caribou  popula- 
tion was  a  low  rate  of  annual  increment  due  to  high 
losses  of  calves  during  the  first  month  of  life.  The  strong 
affinity  of  females  for  calving  and  postcalving  areas  in- 
creases the  vulnerability  of  calves  to  human  disturbance. 
Patterns  of  activity  during  and  after  calving  may  be 
necessary  for  maintaining  the  social  structure  and  dis- 
creteness of  the  population.  Pipeline  construction  near 
calving  and  summering  areas  may  threaten  socialization, 
causing  abandonment  of  traditional  ranges,  greater  calf 
mortahty,  and  reduction  of  the  population.  The  cow-calf 
bond  may  be  weakened  if  arrival  on  the  calving  ground 
is  delayed,  or  the  energy  cost  of  travel  is  raised,  due  to 
the  presence  of  barriers  on  the  migration  route.  Calf  sur- 
vival would  most  likely  decrease  because  bonding 
minimizes  the  possibility  of  permanent  cow-calf  separa- 
tion during  the  critical  time  following  birth. 

76.  Miller,  F.  L.;  Gunn,  A.  Responses  of  Peary  caribou 

and  muskoxen  to  helicopter  harassment.  Occasional 
Paper  No.  40.  Ottawa,  ON:  Canadian  Wildlife  Serv- 
ice; 1979.  90  p. 
Responses  of  caribou  and  muskoxen  to  helicopter  over- 
flights simulating  activities  associated  with  construction 
of  an  arctic  gas  pipeline  were  intensively  observed  and 
analyzed.  The  results  indicate  that  (1)  "the  responsive- 
ness of  cows  and  calves  of  both  species  and  solitary  bull 
muskoxen,  (2)  group  size  and  type,  (3)  number  of  calves 
in  a  group,  (4)  the  position  of  the  sun  and  direction  of 
the  wind  relative  to  the  helicopter  flight,  (5)  previous  ac- 
tivity of  the  animals,  and  (6)  the  terrain"  were  factors 
contributing  to  the  level  of  response.  An  inverse  relation- 
ship was  exhibited  between  response  level  and  helicopter 
altitude  or  distance  from  helicopter  landing.  Cows  and 
calves  tended  to  be  more  responsive  than  other  sex/age 
groups.  Overt  responses  (movement  in  response  to  the 
stimulus,  defense  formations,  alert  response)  were  ob- 
served for  64  percent  of  the  caribou  samples  and  44  per- 
cent of  the  muskox  samples.  Ground  activities  by  people 
after  landings  seemed  to  influence  subsequent  responses 
more  than  did  the  presence  of  the  helicopter.  Circling 
overflights  caused  greater  responses  than  other  types  of 
flights.  Habituation  was  evident  within,  but  not  be- 
tween, sets  of  passes  simulating  cargo-slinging.  Visible 
pathological  conditions,  group  splintering,  and  calf  deser- 
tion were  not  observed.  The  energy  costs  of  responses, 
and  their  consequences  for  the  population,  are  not 
known. 

77.  Miller,  F.  L.;  Gunn,  A.  Behavioral  responses  of 

muskox  herds  to  simulation  of  cargo  slinging  by 
helicopter.  Northwest  Territories.  Canadian  Field- 
Naturalist.  94(1):  52-60;  1980. 
The  investigators  observed  muskox  responses  to  sets 
of  overflights  of  five  to  six  passes  each.  During  the  sec- 
ond year  of  study,  a  trend  toward  decreasing  responsive- 
ness within  sets  of  passes  was  evident,  indicating  short- 
term  habituation.  Muskoxen  tended  to  canter,  gallop,  or 
form  group  defense  formations  more  often  during  the 
first  three  passes.  They  remained  bedded  or  foraging, 
walked  away,  or  became  alert  more  often  during  the  last 
three  passes  of  each  set.  One  herd  showed  some  evidence 
of  long-term  habituation;  but  two  herds  showed  gieater 
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responsiveness  with  time,  apparently  due  to  rutting  ac- 
tivity. The  animals'  previous  experience,  stabiHty  of  the 
social  order,  and  recent  exposure  to  wolf  attack  may 
contribute  to  variations  in  response.  There  was  no  evi- 
dence of  injury,  herd  splintering,  or  range  abandonment. 

78.  Miller,  F.  L.;  Jonkel,  C.  J.;  Tessier,  G.  D.  Group  co- 

hesion and  leadership  response  by  barren-ground 
caribou  to  man-made  barriers.  Arctic.  25(3): 
193-202;  1972. 
An  attempt  to  corral  migrating  caribou  with  a  man- 
made  barrier  failed  because  the  animals  would  not  leave 
the  frozen  water  course  at  the  corral  entrance  nor  devi- 
ate from  learned  travel  routes.  Some  caribou  were 
delayed  by  attempts  to  circumvent  the  barrier.  Others 
overcame  it  and  continued  on  their  course.  Energy  ex- 
penditures were  increased  for  caribou  forced  to  crawl 
under  or  jump  over  the  fence.  Any  disruption  of  caribou 
movement  could  be  detrimental  to  cow  and  calf  survival. 

79.  Morgantini,  L.  E.;  Hudson,  R.  J.  Human  disturbance 

and  habitat  selection  in  elk.  In:  Boyce,  M.  S.; 
Hayden-Wing,  L.  D.,  eds.  North  American  elk:  ecol- 
ogy, behavior  and  management.  Laramie,  WY: 
University  of  Wyoming;  1979:  132-139. 
Data  on  wintering  elk  in  Alberta  indicate  that  elk  hab- 
itat selection  in  winter  may  be  determined  by  human  ac- 
tivity and  not  simply  a  response  to  thermal  environ- 
ment. The  habitat  selected  was  not  related  to  weather 
conditions,  but  was  strongly  related  to  time  of  day  and 
proximity  to  roads.  Daily  activity  patterns  were  in- 
fluenced by  roads.  Extensive  use  and  overgrazing  of 
marginal  sectors  of  potentially  available  grassland  was 
evident  in  an  area  crossed  by  a  road  system.  This  use 
pattern  may  have  been  related  to  a  special  winter  hunt 
resulting  in  heavy  harvest  for  6  years  prior  to  the  study. 
During  the  hunt,  distribution  and  habitat  use  changed 
significantly.  Elk  abandoned  the  grassland  and  moved  to 
open  mountain  slopes. 

80.  Newman,  J.  R.;  Brennan,  W.  H.;  Smith,  L.  M. 

Twelve-year  changes  in  nesting  patterns  of  bald 
eagles  on  San  Juan  Island,  Wash.  Murrelet.  58(2): 
37-39;  1977. 
Although  human  activity  in  areas  near  bald  eagle 
nests  has  increased  significantly  since  1962-63,  nest  sur- 
veys show  that  numbers  of  nests  and  occupied  nests 
have  also  increased  significantly.  Most  nests  are  much 
closer  to  roads  and  buildings  now  than  in  1963.  Near  the 
greatest  concentration  of  buildings  alternate  nests  are 
associated  with  occupied  nests,  representing  a  change  in 
nesting  pattern.  No  productivity  data  were  obtained. 

81.  Owens,  N.  W.  Responses  of  wintering  brent  geese  to 

human  disturbance.  Wildfowl.  28:  5-14;  1977. 
Disturbance  reduced  feeding  time  (3  to  5  percent)  and 
increased  time  spent  in  flight  for  wintering  brant  geese 
(Branta  bernicla  bernicla).  Brant  were  very  sensitive  to 
aircraft  disturbance,  especially  any  plane  below  1,650  ft 
and  up  to  1  mi  away;  slow,  noisy  aircraft— helicopters— 
"caused  widespread  panic."  The  geese  also  reacted  to 
large  birds  with  a  slow  wingbeat.  Brant  showed  little 
reaction  to  nearby  loud,  but  regular,  sounds  (weapon 
testing)  after  the  first  weeks.  They  flushed  in  response 
to  unexpected  sounds— nearby  gunshots.  Geese  usually 
left  the  area  when  severely  disturbed  by  people  on  the 
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Waterfowl,  and  the  impacts  of  activities 
associated  with  petroleum  exploration  and 
development,  have  been  studied  in  some 
depth,  which  is  reflected  in  this  review. 

ground;  however,  they  showed  evidence  of  partial  habitu- 
ation to  humans.  When  disturbances  occurred  very  fre- 
quently, the  geese  appeared  to  become  more  easily  dis- 
turbed with  each  subsequent  disturbance.  The  birds  were 
more  easily  disturbed  when  feeding  in  unfamiliar  areas 
or  areas  associated  with  danger  (hunting).  Availability  of 
alternate  feeding  areas  appeared  to  influence  avoidance 
of  disturbed  areas  and  areas  with  poor  visibility.  The 
author  concludes  that  "disturbance  would  be  harmful  if 
it  consistently  resulted  in  birds  losing  more  energy 
(through  extra  flying  and  lost  feeding  time)  than  they 
were  able  to  make  up  by  food  intake"  during  un- 
disturbed periods. 

82.  Pedersen,  R.  J.  Management  and  impacts  of  roads  in 
relation  to  elk  populations.  In:  Ittner,  R.;  Potter, 
D.  R.;  Agee,  J.  K.;  Anschell,  S.,  eds.  Recreational 
impact  on  wildlands:  conference  proceedings;  1979 
October  27-29;  Seattle,  WA.  Portland.  OR:  U.S. 
Department  of  Agriculture,  Forest  Service,  Pacific 
Northwest  Region,  and  U.S.  Department  of  the  In- 
terior, National  Park  Service;  1979:  169-173. 
During  road  construction,  elk  use  declined  adjacent  to 
the  disturbed  area  for  4,950  ft.  Elk  moved  825  ft  to  2.5 
mi  from  logging  and  road  construction.  Main  roads 
caused  the  greatest,  and  primitive  roads  the  least,  reduc- 
tion in  elk  use  within  0.5  mi.  Road  density,  location,  use 
intensity,  class,  and  season  of  use— independently  or  in 
combination— may  constitute  significant  disturbance  fac- 
tors affecting  elk.  Roads  "...  affect  elk  populations 
directly  by  removing  elk  habitat  from  production,  and 
indirectly  by  inducing  a  disturbance  factor  .  .  .  which  dis- 
places elk  from  habitat  adjacent  to  roads."  Recreational 
visits  occur  "almost  spontaneously"  with  access 
development. 
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83.  Perry,  C;  Overly,  R.  Impact  of  roads  on  big  game 

distribution  in  portions  of  the  Blue  Mountains  of 
Washington.  In:  Hieb,  S.  R.,  ed.   Proceedings,  elk- 
logging-roads  symposium.  Moscow,  ID:  University 
of  Idaho,  Forestry,  Wildlife  and  Range  Experiment 
Station;  1976:  62-68. 
All  roads  through  meadows  and  open  forests  signifi- 
cantly reduced  elk  use  of  adjacent  habitat,  especially  on 
west-  and  south-facing  slopes  from  0.12  to  0.5  mi  away. 
Limited  data  suggest  that  roads  had  little  influence  on 
elk  use  of  adjacent  habitat  in  dense  forest.  Roads  on 
east  slopes  caused  only  minimum  disruption  of  use.  It 
appears  that  areas  used  most  intensively  by  elk  sus- 
tained the  most  reduction  in  use  due  to  roads.  Main  and 
secondary  roads  on  west  and  south  slopes  caused  a  sig- 
nificant decrease  in  deer  use  of  adjacent  meadows  for 
0.12  to  0.5  mi.  Otherwise,  the  influence  of  roads  on  deer 
was  variable  and  not  significant. 

84.  Richens,  V.  B.;  Lavigne,  G.  R.  Response  of  white- 

tailed  deer  to  snowmobiles  and  snowmobile  trails 
in  Maine.  Canadian  Field-Naturalist.  92(4):  334-344; 
1978. 
White-tailed  deer  response  to  snowmobiles  seemed  de- 
pendent on  the  deer's  apparent  security.  Animals  in  the 
open  or  in  hardwood  stands  tended  to  run  when  approached 
by  snowmobile.  Deer  in  softwood  stands,  which  provided 
more  cover,  showed  a  greater  tendency  to  stay  when 
approached.  A  significantly  greater  number  of  deer  ran 
from  a  person  walking  than  from  a  person  on 
snowmobile. 

85.  Rost,  G.  R.  Response  of  deer  and  elk  to  roads.  Fort 

Collins,  CO:  Colorado  State  University;  1976.  51 
p.  M.S.  thesis. 
Refer  to  86. 

86.  Rost,  G.  R.;  Bailey,  J.  A.  Distribution  of  mule  deer 

and  elk  in  relation  to  roads.  Journal  of  Wildlife 

Management.  43(3):  634-641;  1979. 
Data  from  fecal  pellet  counts  indicate  that  deer  and 
elk  avoid  roads,  especially  areas  within  660  ft.  Road 
avoidance  was  greater  (1)  east  than  west  of  the  Con- 
tinental Divide,  (2)  along  more  heavily  traveled  roads 
(trends  only),  (3)  by  deer  compared  to  elk,  (4)  for  deer  in 
shrub  habitat  compared  to  pine  and  juniper,  and  (5)  in 
the  species'  primary  winter  habitat.  The  greater  avoid- 
ance on  the  east  side  may  reflect  a  greater  availability  of 
habitat  away  from  roads  due  to  lower  snow  accumula- 
tion. Data  suggest  that  ungulates  "may  utilize  areas 
near  roads  when  hunger  is  sufficient  to  overcome  fear." 
"Deer  west  of  the  Divide  avoided  roads,  at  least  on 
some  sites,  even  though  snow  accumulation  presumably 
restricted  their  available  habitat."  Factors  affecting  the 
reactions  of  ungulates  to  roads  and  road-associated  dis- 
turbance may  be  very  complex  and  may  include  the  spe- 
cies involved,  the  age  and  type  of  road,  traffic  density, 
road-associated  construction,  distance  from  road,  vegeta- 
tive type,  season,  whether  the  population  is  hunted,  and 
whether  the  road  is  located  in  an  abundant  or  scarce 
habitat  type.  The  effects  of  roads  on  individual  welfare 
and  herd  productivity  are  not  clear. 

87.  Schallenberger,  A.  Review  of  oil  and  gas  exploitation 

impacts  on  grizzly  bears.  Bear  Biology  Association 
Conference  Series.  3:  271-276;  1980. 


Raptors,  or  birds  of  prey,  are  one  of  the 
species  groups  emphasized  in  the  literature 
related  to  animal  disturbance  and  in  this 

review. 


The  author  concludes  that  "available  information  indi- 
cates that  impacts  of  oil  and  gas  exploitation  should  be 
considered  primarily  detrimental  for  grizzly  bears  in 
northwestern  Montana"  Research  has  shown  that  grizzlies 
tend  to  react  strongly  to  aircraft,  especially  helicopters. 
Marked  animals  previously  captured  by  aircraft  show 
the  greatest  reaction.  Helicopter  disturbance  may  cause 
den  abandonment.  Biologists  suggest  that  road  develop- 
ment has  contributed  to  a  decline  in  numbers  of  bears 
by  accelerating  habitat  loss  and  increasing  hunting  and 
poaching  pressure.  Use  of  river  valleys  for  transporta- 
tion corridors,  campsites,  and  other  activities  magnifies 
the  effect  of  human  presence  "...  by  concentrating  it  in 
some  of  the  most  vulnerable  and  essential  grizzly  habi- 
tat." Bear-human  conflicts  may  increase  as  a  result  of 
secondary  developments  such  as  recreation,  logging,  live- 
stock grazing,  and  construction  of  subdivisions. 
88.  Schultz,  R.  D.;  Bailey,  J.  A.  Responses  of  national 

park  elk  to  human  activity.  Journal  of  Wildlife 

Management.  42(1):  91-100;  1978. 
This  study  found  no  statistical  evidence  that  heavy 
tourist  activity  or  planned  disturbance  affect  elk  distri- 
bution, courtship  behavior,  movement  patterns,  or  use  of 
areas  near  roads.  Elk  generally  accepted  human  activity 
and  have  apparently  adapted  to  present  levels  of  human 
disturbance.  The  authors  suggest  this  is  a  learned 
response  of  unhunted  elk.  There  was  evidence,  though 
not  statistically  significant,  that  elk  avoided  roads  in 
early  winter  when  forage  was  plentiful.  The  animals  were 
apparently  not  disturbed  by  passing  cars,  but  generally 
fled  if  a  car  slowed  and  prepared  to  stop.  Elk  reacted 
more  to  an  approaching  person  than  an  approaching  car. 
Elk-watching  from  parking  lots  and  roads  did  not  seem 
to  significantly  affect  the  animals'  movements.  People 
leaving  the  road  caused  elk  to  flee  and  caused  disorgani- 
zation of  harems. 
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89.  Simpson,  S.  G.;  Hogan,  M.  E.;  Derksen,  D.  V.  Ac- 

tivity budgets  and  disturbance  of  molting  Pacific 
brant  in  arctic  Alaska,  n.d.  Unpublished  paper  on 
file  at:  U.S.  Fish  and  Wildlife  Service,  1011  East 
Tudor,  Anchorage,  AK. 
Molting  brant  geese  responded  to  aircraft,  gunshots, 
and  approaches  by  caribou  and  fox.  Brant  spent  3  per- 
cent of  the  time  observed  in  disrupted  activity,  respond- 
ing to  disturbance.  Brant  responses  included  entering  a 
nearby  lake  (44  percent),  moving  to  the  shoreline  (21  per- 
cent), or  no  movement  (21  percent).  Mean  duration  of 
response  was  5  minutes.  There  was  no  significant  differ- 
ence between  duration  of  response  to  fixed-wing  aircraft 
and  helicopter.  The  proportion  of  "no  response"  to 
planes  was  greater  than  that  for  helicopters.  Caribou 
and  arctic  fox  caused  large  flocks  of  geese  to  move  to 
the  lake  or  shoreline.  Birds  appeared  to  become  more 
sensitive  to  successive  disturbances  when  disturbances 
were  closely  spaced. 

90.  Singer,  F.  J.  Behavior  of  mountedn  goats,  elk,  and 

other  wildlife  in  relation  to  U.S.  Highway  2,  Gla- 
cier National  Pcirk.  1975.  Report  prepared  for  Fed- 
eral Highway  Administration  and  Glacier  National 
Park,  West  Glacier,  MT.  96  p. 
Mountain  goats  using  a  mineral  lick  were  exposed  to 
human  activity  along  a  highway  that  traversed  their 
travelway,  at  a  park  exhibit  near  the  lick,  and  by  a 
nearby  railroad.  Goats  reacted  with  avoidance  and'or 
flight  to  all  close  interactions  with  humans.  Animals  at 
the  lick  showed  evidence  of  habituation  to  noise  from 
visitors  at  the  exhibit  and  noise  from  trains.  They  con- 
tinued to  react  to  the  sound  and  presence  of  vehicles  and 
to  loud  and/or  sudden  nearby  disturbances.  A  high  level 
of  disturbance  by  traffic  and  visitors  was  indicated  by 
the  behavior  of  goats  crossing  the  highway.  They 
responded  by  hesitating,  fleeing,  altering  their  crossing 
route,  and/or  delaying  the  crossing  attempt.  Unsuccess- 
ful crossing  attempts  occurred  when  goats  were  leaving 
the  lick  (42  percent  of  total  attempts)  and  were  signifi- 
cantly associated  with  the  presence  of  visitors  or  heavy 
traffic. 

Large  groups,  especially  led  by  females  with  young, 
were  most  successful.  Successful  crossings  were  also 
associated  with  a  twilight  pattern  of  crossing  that  devel- 
oped in  response  to  disturbance.  Goats  used  conifer 
cover  when  disturbed.  Several  goat-vehicle  collisions,  and 
many  near-collisions,  were  observed.  In  several  cases, 
females  were  separated  from  their  young— one  maybe 
permanently— by  passing  vehicles.  Elk  highway  cross- 
ings were  mainly  twilight  and  nocturnal.  Their  routes 
were  through  conifer  stands.  Wintering  elk  were  habitu- 
ated to  the  highway  and  were  very  susceptible  to  poach- 
ing. Elk  flight  reactions  were  significantly  correlated 
with  location,  and  were  greatest  within  328  ft  of  the 
highway  and  in  the  backcountry. 

91.  Singer,  F.  J.;  Bratton,  S.  P.  Black  bear/human  con- 

flicts in  the  Great  Smoky  Mountains  National 
Park.  In:  Martinka,  C.  J.;  McArthur,  K.  L.,  eds. 
Bears  -  their  biology  and  management.  [Calgary, 
AB]:  The  Bear  Biology  Association;  1980:  137-139. 
The  occurrence  of  black  bear  damage  incidents  in  the 
park  was  associated  with  the  number  of  visitor-nights  at 


the  campsite.  Between  1963  and  1975,  backcountry 
camping  increased  250  percent.  After  1973,  damage  inci- 
dents became  more  common  in  backcountry  than  front 
country.  Food  storage  was  a  contributing  factor  in  many 
incidents  of  property  damage.  Between  1964  and  1976, 
71  percent  of  bear-caused  personal  injuries  occurred 
along  park  roads  receiving  the  heaviest  traffic.  Thirty- 
two  cases  involved  people  feeding  bears. 

92.  Smith,  R.  K.  Guest  editorial:  energy  and  the  en- 

vironment: planning  for  coexistence.  Overthrust 
News.  Overthrust  Industrial  Association,  Denver, 
CO;  1981;  3:  11. 
Although  wildlife  may  range  over  large  areas  during 
much  of  the  year,  most  species  congregate  on  small 
areas  that  are  critical  to  survival  at  some  time  during 
their  life  cycle  (breeding  Eireas,  big  game  winter  range, 
sage  grouse  lek).  If  development  destroys  the  critical 
area,  the  entire  population  may  be  eliminated.  Planning 
development  for  minimal  impact  on  critical  areas  should 
reduce  the  adverse  effects  on  a  population. 

93.  Stahlecker,  D.  W.  Effect  of  a  new  transmission  line 

on  wintering  prairie  raptors.  Condor.  80(4):  444-446; 
1978. 
Wintering  prairie  raptors  were  counted  along  a  right- 
of-way  in  Colorado  before  and  after  construction  of  a 
transmission  line.  Although  utility  towers  constituted 
1.5  percent  available  perches,  81  percent  of  all  perched 
raptors  were  seen  on  them.  Raptor  distribution  changed 
significantly  after  transmission  line  construction,  as  bird 
density  was  greatest  0.25  mi  from  the  right-of-way.  No 
density  difference  was  apparent  before  construction. 

94.  Stalmaster,  M.  V.;  Newman,  J.  R.  Behavioral 

responses  of  wintering  bald  eagles  to  human 
activity.  Journal  of  Wildlife  Management.  42(3): 
506-513;  1978. 
Bald  eagle  tolerance  of  disturbance  was  determined  by 
analyzing  eagle  distribution  in  relation  to  human  activity 
and  by  measuring  flight  distances  of  eagles  from  simu- 
lated human  disturbance.  Eagle  distribution  and  daily 
activity  patterns  were  changed  in  response  to  human 
presence.  Eagles  were  displaced  to  areas  of  lower  human 
activity,  preventing  effective  use  of  all  feeding  sites  and 
forcing  more  birds  to  use  marginal  habitat  and  a  smaller 
area.  Feeding  birds  were  disturbed  by  the  mere  presence 
of  humans  and  generally  did  not  return  to  the  site  of 
disturbance  for  several  hours.  Sensitivity  to  disturbance 
increased  with  age.  Flight  distances  for  adults  were  sig- 
nificantly greater  than  for  juveniles.  Young  birds  seemed 
to  react  more  to  adult  flight  behavior  than  to  the  human 
intruder  and  may  in  this  way  become  sensitized  to 
human  activity.  Flight  distances  were  shorter  in  heavy 
vegetation  than  in  open  areas.  Eagles  showed  evidence 
of  habituation  to  routine  human  activities  and  noise. 
They  were  most  tolerant  when  the  source  of  noise  was 
concealed  from  view.  Gunshots  caused  overt  escape  be- 
havior. Nonroutine  activity  on  the  river  channel  was 
most  disturbing. 

95.  Stuart,  R.  W.  Surface  mining  and  wildlife.  North 

Dakota  Outdoors.  37(5):  2-7;  1974. 
"Game  departments  in  the  northern  Great  Plains  have 
been  aware  of  the  fact  that  accelerated  prospecting  and 
development  of  new  oil  fields  during  the  past  two  decades 
has  had  an  adverse  impact  on  big  game  populations  in 
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the  area  of  activities."  This  has  resulted  primarily  from 
the  building  of  well-maintained  roads  into  previously  in- 
accessible areas,  which  has  increased  pressure  from  legal 
hunting  and  poaching  by  work  crews. 

96.  Swenson.  J.  E.  Factors  affecting  status  and 

reproduction  of  ospreys  in  Yellowstone  National 
Park.  Journal  of  Wildlife  Management.  43(3): 
595-601;  1979. 
Human  presence  was  thought  to  be  a  major  factor 
contributing  to  low  reproductive  success,  primarily  due 
to  low  egg  hatchability,  of  osprey  nests  on  Yellowstone 
Lake.  Success  and  productivity  of  nests  on  the  lake  were 
significantly  lower  than  those  of  nests  along  streams, 
which  were  less  disturbed,  and  of  nests  beyond  0.6  mi 
from  campsites  on  the  lake.  The  reproductive  success  of 
nests  was  increased  by  closing  backcountry  campsites 
within  0.6  mi  of  active  nests.  Shoreline  use  had  a  greater 
adverse  effect  on  reproduction  than  boating  did.  The 
author  suggests  that  the  criticed  disturbance  probably 
occurred  during  incubation.  Shoreline  human  use  may 
have  contributed  also  to  a  loss  of  nests,  between  1924 
and  1974,  from  heavily  used  areas  of  the  lake  shoreline. 

97.  Tacha,  T.  C;  Martin,  D.  C;  Endicott,  C.  G.  Mortal- 

ity of  sandhill  cranes  associated  with  utility  high- 
hnes  in  Texas.  In:  Proceedings  1978  crane  work- 
shop; 1978  December  6-8;  Rockport,  TX.  Fort 
Collins,  CO:  Colorado  State  University;  1979: 
175-176. 
Fifty-two  sandhill  cranes  were  found  dead  or  dying 
from  collisions  with  high  voltage  transmission  lines  and 
telephone  lines.  The  coUisions  occurred  when  the  birds 
attempted  to  return  to  their  roost  while  fog  was  present. 
Others  have  noted  large  numbers  of  cranes  dying  from 
apparent  collisions  with  utility  lines  during  blizzards  and 
dust  storms. 
f  98.  Thomson,  B.  R.  Reindeer  disturbance.  Journad  of  the 
British  Deer  Society.  2(8):  882;  1972. 
Two  years  of  observations  in  Norway  determined  that 
half  of  all  stimuli  to  which  reindeer  reacted  with  alarm 
were  human  caused  (hikers,  hunters,  snowmobiles,  air- 
craft). The  reindeer  progressed  in  response  from  alert  to 
alarm  to  flight,  depending  on  the  strength  of  the  stimu- 
lus and  the  season.  The  animals  were  most  responsive 
during  winter  and  calving.  Human  scent,  moving  objects, 
,and  strange  and/or  sudden  noises  were  especisdly  alarm- 
ing. Reindeer  showed  signs  of  habituation  after  repeated 
exposure  to  alarming  sounds,  but  not  human  scent.  Dis- 
turbance from  loud  noise  was  intensified  if  the  alarming 
object  was  visible.  Aircraft  were  very  disturbing  to  the 
reindeer,  interrupting  activity  and  causing  flight  and 
panic  responses.  Natural  predators  also  caused  silarm 
and  flight  behavior. 
!  99.  Titus,  J.  R.;  VanDruff,  L.  W.  Response  of  the  com- 
mon loon  to  recreational  pressure  in  the  Boundary 
Waters  Cemoe  Area,  northeastern  Minnesota.  Wild- 
life Monograph  79;  1981.  59  p. 
Data  indicate  that  heavy  recreational  use  had  little  or 
no  effect  on  overall  loon  productivity.  In  the  last  25 
'  years,  the  adult  loon  population  has  increased  35  per- 
cent, despite  an  800  to  900  percent  increase  in  recrea- 
tional use.  Undisturbed  loon  pairs,  and  those  habituating 
to  humem  presence,  seem  to  compensate  for  the  slight 


reduction  in  nesting  and  brood-rearing  success  of  in- 
dividual pairs  in  areas  of  high  human  impact.  Hatching 
success  was  significantly  greater  on  smaller  (generally 
remote)  Igikes,  on  no-motor  lakes,  and  for  less  visible 
nests.  Loon  pairs  on  smaller  lakes  (trends  only),  on  no- 
motor  lakes,  and  with  few  human  contacts  showed 
greater  success  in  brood  rearing.  Breeding  pairs  on  re- 
mote, isolated  lakes  generally  responded  to  human  intru- 
sion with  more  activity  and  excitement  than  those  on 
more  heavily  used  lakes.  The  behavior  of  loons  condi- 
tioned to  human  use  drew  less  attention  to  the  nest  site, 
expended  less  energy,  and  generally  resulted  in  greater 
reproductive  success.  Factors  which  generally  increased 
the  tendency  to  flush  and  flushing  distance  include 
human  approach  (1)  within  the  bird's  line  of  vision,  (2) 
with  exaggerated  or  erratic  movements  and/or  noise,  and 
(3)  early  in  the  incubation  period. 

100.  Tracy,  D.  M.  Reactions  of  wildlife  to  human  activity 

along  Mount  McKinley  Park  road.  Fairbanks,  AK: 
University  of  Alaska;  1977.  260  p.  M.S.  thesis. 
Reactions  of  caribou,  moose,  Dall  sheep,  brown  bears, 
red  foxes,  hares,  and  porcupines  to  traffic  (buses)  and 
human  activity  were  observed.  Avoidance  was  found 
only  for  some  bears  and  foxes,  possibly  large  bands  of 
migrating  caribou,  and  a  few  sensitive  individuals  of 
other  species.  Adult  male  foxes  were  often  easUy  dis- 
turbed. Many  individual  animals  appeared  habituated  to 
humem  activity.  Responses  of  individual  bears  £md 
wolves  were  highly  variable,  and  included  habituation, 
flight,  and  displacement  of  wolves  from  a  den  close  to 
the  road.  Observations  indicated  that  wolves  could  suc- 
cessfully den  near  the  road  if  not  approached  by  hu- 
mans. Bears  in  the  backcountry  were  observed  to  run 
several  miles  in  response  to  human  scent.  Disturbances 
interrupted  activity,  decreased  feeding,  and  increased 
movements  by  caribou  within  660  ft  of  the  road.   Con- 
sequently, some  Eireas  near  the  road  may  be  removed 
from  effective  habitat.  Singles  and  small  bands  of  cari- 
bou frequently  crossed  the  road  but  showed  caution  in 
doing  so,  even  in  the  absence  of  vehicles.  The  road  occa- 
sionally diverted  the  direction  of  movement  of  caribou 
which  used  it  for  travel.  Large  migrating  herds  moved 
parallel  to  the  road  without  crossing  it.  Disturbances 
thwarted  some  road  crossings  by  migrating  sheep  but 
did  not  cause  large-scale  range  abandonment.  Some 
sheep  crossed  even  in  the  presence  of  vehicles  and  peo- 
ple. Female  ungulates  with  young  were  most  easily  dis- 
turbed. Many  animals  were  attracted  to  the  road.  Porcu- 
pines and  hares  fed  on  new  vegetation  by  the  road  in 
early  summer  but  ran  away  from  buses.  They  were 
rarely  seen  as  food  became  more  available  in  other  areas. 
All  species  showed  40  percent  "no  visible  response"  be- 
tween 165  and  330  ft  from  the  road.  Few  visible 
responses  were  exhibited  beyond  1,300  ft.  Loud  noises  or 
people  out  of  vehicles  increased  response  strength  for 
most  species.  Stopping  vehicles  disturbed  foxes  and 
sheep. 

101.  Tremblay,  J.;  Ellison,  L.  N.  Effects  of  human  dis- 

turbance on  breeding  of  black-crowned  night- 
herons.  Auk.  96(2):  364-369;  1979. 
"Visits  to  black-crowned  night-heron  colonies  just  be- 
fore or  during  laying  provoked  abandonment  of  newly 
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constructed  nests  and  either  predation  of  eggs  or  aban- 
donment of  eggs  followed  by  predation.  Investigator  dis- 
turbance caused  mortality  of  young  in  some  situations. 
Frequent  disturbance  also  discouraged  the  settlement  of 
late-nesting  night-herons  .  .  .  .Clutch  size  and  fledging 
success  of  successful  early  nests  were  the  same  in  fre- 
quently and  infrequently  disturbed  colonies.'" 

102.  U.S.  Department  of  Agriculture,  Forest  Service.  Oil 

and  gas  lease  applications  on  the  Los  Padres  Na- 
tional Forest  -  draft  environmental  assessment. 
Goleta,  CA:  U.S.  Department  of  Agriculture,  For- 
est Service,  Los  Padres  National  Forest;  1981. 
332  p. 
The  two  greatest  factors  influencing  the  degree  of  de- 
cline in  use  of  foraging  habitat  may  be  extensive  area 
use  by  human  activity  and  the  presence  of  large,  noisy 
equipment.  Individuals  of  even  intolerant  species  occa- 
sionally show  "curiosity"  and  tolerance  when  feeding 
near  quiet,  stationary  equipment.  Aquatic  habitat  may 
be  altered  by  siltation,  which  hinders  productivity  and 
population  growth  of  aquatic  organisms,  and  conse- 
quently decreases  food  availability  for  some  species  of 
wildlife. 

103.  U.S.  Department  of  the  Interior,  Bureau  of  Land 

Management.  Alaska  natural  gas  transportation 
system  -  final  environmental  impact  statement. 
Washington,  DC:  U.S.  Department  of  the  Interior, 
Bureau  of  Land  Management;  1976a.  825  p. 
(pp.  322-329). 
Studies  on  the  effects  of  gas  compressor  noise  simula- 
tions on  wildlife  determined  that  caribou,  Dall  sheep, 
and  snow  geese  abandoned,  or  reduced  their  use  of,  areas 
within  varying  distances  of  compressor  station  simula- 
tors. Degree  of  avoidance  by  caribou  varied  with  season. 
All  species  also  diverted  movements  to  avoid  the  source 
of  noise.  Geese  appeared  especially  sensitive.  Geese 
forced  to  detour  around  compressor  stations  near  stag- 
ing areas  may  not  be  able  to  compensate  for  the  in- 
creased energy  expenditure  and  may  consequently  mi- 
grate with  insufficient  reserves.  Studies  on  impacts  of 
aircraft  disturbance  on  wildlife  determined  the  following: 
(1)  Dall  sheep  reactions  to  aircraft  were  relatively  severe, 
including  panic  running,  temporary  desertion  and/or 
reduced  use  of  traditional  areas  following  activities  in- 
volving aircraft  and  generator  noise,  and  flight  in  re- 
sponse to  aircraft  at  relatively  high  altitudes.  (2)  Cari- 
bou, moose,  grizzly  bears,  wolves,  raptors,  and  waterfowl 
showed  variable  degrees  of  flight,  interruption  of  activity, 
and  panic.  Degree  of  response  was  influenced  by  aircraft 
altitude,  distance,  and  type  of  flight  (low  circling);  group 
size;  activity  of  animals;  sex;  season;  and  terrain.  (3) 
Muskoxen  may  have  shifted  their  traditional  summer 
range  by  16  mi  in  response  to  heavy  helicopter  traffic. 
(4)  Waterfowl,  shorebirds,  and  bald  eagles  exhibited 
reduced  nesting  success  and  production  of  young,  nest 
abandonment,  and  loss  of  eggs  in  response  to  aircraft 
disturbance,  especially  by  helicopters.  The  addition  of 
on-the-ground  human  disturbance  may  increase  the 
severity  of  impacts.  (5)  Muskoxen  and  Canada  geese 
near  airfields  appeared  habituated  to  aircraft.  Waterfowl 
may  adapt  to  float  planes.  Wolves  apparently  adapt 
regularly  to  aircraft  noise  if  not  subjected  to  aerial  hunting. 


104.  U.S.  Department  of  the  Interior,  Bureau  of  Land 

Management.  Alaska  natural  gas  transportation 
system  -  final  environmental  impact  statement  - 
Canada.  Washington,  DC:  U.S.  Department  of  the 
Interior.  Bureau  of  Land  Management;  1976b. 
825  p.  (pp.  501,  504). 
Studies  found  that  Dall  sheep  interrupted  activities  in 
response  to  blasting  3.5  mi  away,  though  their  reactions 
decreased  over  time.  Waterfowl  with  young  avoided 
drilling  rigs  within  a  2.66  mi  radius.  Data  show  that 
peregrine  falcons  deserted  nests  in  response  to  construc- 
tion activity.  Falcons  may  accommodate  to  construction 
noise,  except  blasting,  if  it  is  not  centered  near  the  nest. 
Caribou  can  apparently  tolerate  winter  blasting  if  they 
are  not  hunted. 

105.  U.S.  Department  of  the  Interior,  Bureau  of  Land 

Management.  Alaska  natural  gas  transportation 
system  -  final  environmental  impact  statement  - 
overview.  Washington,  DC:  U.S.  Department  of  the 
Interior,  Bureau  of  Land  Management;  1976c. 
249  p.  (p.  154). 
Snow  geese  are  especially  sensitive  to  aircraft  distur- 
bance. Geese  staging  for  fall  migration  have  been  observed 
to  flush  up  to  9  mi  from  low-flying  aircraft.  Resting 
geese  were  disturbed  by  aircraft  at  10,000  ft.  Repeated 
disturbance  may  limit  energy  storage  necessary  for 
migration. 

106.  U.S.  Department  of  the  Interior,  Bureau  of  Land 

Management.  Kemmerer  Resource  Area  oil  and  gas 
leasing  environmental  assessment  record.  Rock 
Springs,  WY:  U.S.  Department  of  the  Interior, 
Bureau  of  Land  Management,  Rock  Springs  Dis- 
trict; 1979.  191  p. 
Large  predators  may  be  severely  affected  by  develop- 
ment activities  due  to  their  secretive  nature  and  ten- 
dency to  avoid  humans.  Oil  field  operations  may  force 
them  to  leave  areas  of  disturbance.  If  alternative  habitat 
is  unavailable,  their  population  would  eventually  decline 
to  a  level  that  could  be  supported  by  the  remaining 
available  habitat.  Better  access  into  remote  areas  will 
result  in  a  "cumulative  and  continual"  increase  in  num- 
bers of  road  kills,  as  well  as  a  greater  incidence  of  illegal 
shooting,  especially  of  raptors.  Surface  disturbance  of 
watersheds  may  create  impacts  that  severely  reduce 
aquatic  hfe  downstream.  Accidents  involving  toxic 
amounts  of  hydrogen  sulfide,  though  unlikely,  could  be 
lethal  for  wildlife,  especially  in  low  areas.  Evaporation 
and  mud  pits  are  serious  hazards  for  waterfowl  that  may 
land  in  them. 

107.  U.S.  Department  of  the  Interior,  Bureau  of  Land 

Management.  Final  environmental  assessment:  oil 
and  gas  leasing  in  the  Roswell  District,  B.L.M. 
Roswell,  NM:  U.S.  Department  of  the  Interior,  Bu- 
reau of  Land  Management,  Roswell  District;  1981. 
149  p. 
Noise  from  oil  field  operations  interferes  with  "boom- 
ing" by  male  prairie  chickens  during  courtship.  Develop- 
ment activities  on  the  booming  grounds  may  force  birds 
to  abandon  the  area.  Human  intrusion  often  prevents 
pronghom  from  occupying  an  area.  This  would  be  serious 
if  it  curtailed  the  use  of  areas  in  which  pronghom 
congregate  at  critical  times,  namely  areas  of  dependable 
forb  production.  Hydrogen  sulfide  gas  is  known  to  cause 


40 


wildlife  mortalities,  but  the  extent  of  the  problem  is 
unknown.  Brine  evaporation  pits,  containing  concen- 
trated salts  and  oil  films,  cause  "thousands  of  wildlife 
deaths,  particularly  birds,  annually"  (pp.  4-19). 

108.  U.S.  Department  of  the  Interior,  Bureau  of  Land 

Management,  and  U.S.  Department  of  Energy, 
Energy  Regulatory  Commission.  Rocky  Mountain 
pipeUne  project  -  draft  environmental  impact  state- 
ment. Washington,  DC:  U.S.  Department  of  the 
Interior,  Bureau  of  Land  Management  and  U.S. 
Department  of  Energy,  Federal  Energy  Regulatory 
Commission;  1981.  305  p. 
The  impacts  of  pipeline  construction  on  Gambel's  quail 
would  be  significant  if  construction  occurred,  during  the 
dry  period,  within  2  mi  of  gallinaceous  guzzlers  in  nest- 
ing habitat.  Disturbance  could  cause  nest  abandonment 
and  a  consequent  reduction  in  reproductive  success. 
Human  activity  may  interfere  with  sage  grouse  court- 
ship if  males  on  leks  are  disturbed.  Slow  leaking  of  natu- 
ral gas  from  the  pipeline  would  destroy  all  vegetation  in 
the  area  of  the  leak;  but  no  direct  impact  to  wildlife  is 
expected. 

109.  U.S.  Geological  Survey.  An  environmental  evalua- 

tion of  potential  petroleum  development  on  the 
National  Petroleum  Reserve  in  Alaska.  Washing- 
ton, DC:  U.S.  Department  of  the  Interior,  U.S. 
Geological  Survey;  1979.  238  p. 
Dust  from  construction  and/or  traffic  on  gravel  roads 
during  early  spring  may  cause  early  snowmelt  and  early 
greening  of  roadside  vegetation.  Animals  tend  to  be  at- 
tracted to  roadsides  until  other  food  becomes  available, 
thereby  increasing  the  chances  of  wildlife-vehicle 
collisions. 

110.  van  der  Zande,  A.  N.;  ter  Keurs,  W.  J.;  van  der 

Weijden,  W.  J.  The  impact  of  roads  on  the  densi- 
ties of  four  bird  species  in  an  open  field  habitat:  evi- 
dence of  a  long  distance  effect.  Biological  Conser- 
vation. 18(4):  299-321;  1980. 
Data  were  collected  on  densities  of  breeding  lapwings, 
godwits,  oystercatchers,  and  redshanks  at  increasing  dis- 
tances from  roads  in  an  open  field  area  of  the  Nether- 
lands. Data  indicated  a  direct  relationship  between  popu- 
lation densities  and  distance  from  the  road,  except  for 
oystercatchers.  Oystercatcher  densities  decreased  with 
increasing  distance  from  the  road.  Disturbance 
intensity— the  total  population  density  loss  over  the 
whole  disturbance  distance— varied  from  30  to  65  per- 
cent of  the  potential  maximum  density.  Disturbance  ap- 
peared to  increase  with  traffic  volume. 

111.  Ward,  A.  L.  Elk  behavior  in  relation  to  multiple 

uses  on  the  Medicine  Bow  National  Forest. 
Proceedings  Western  Association  of  State  Game 
and  Fish  Commissioners.  43:  125-141;  1973. 
Four-strand  beirbed  wire  fences  had  little  influence  on 
elk  movement,  though  cows  and  calves  were  temporarily 
separated  in  some  cases.  Data  show  that  an  interstate 
highway  (1-80)  acted  as  a  definite  barrier  to  elk  move- 
ment. Elk  preferred  to  stay  300  yd  from  1-80  traffic,  and 
from  moving  vehicles  on  logging  roads.  Logging  roads 
did  not  act  as  a  barrier  when  no  traffic  was  present.  Elk 
were  frequently  seen  within  100  yd  of  recreational  traffic 
on  improved  forest  roads,  especially  when  screened  by 


conifers.  Elk  spent  little  time  feeding  in  noisy  areas  near 
1-80  (62  dB  for  cars,  70  dB  for  trucks),  but  did  not  react 
to  the  noise  when  feeding.  They  quit  feeding  in  response 
to  a  stopped  vehicle  and  moved  to  cover  if  people  ap- 
proached. Elk  apparently  preferred  to  stay  at  least  0.5 
mi  from  people  out  of  vehicles— recreationists,  logging 
crews.  During  timber  harvest  operations,  elk  moved 
from  the  area  near  the  activity  but  were  less  affected  in 
areas  farther  from  the  harvest  and  separated  from  it  by 
a  stand  of  conifers.  A  construction  crew  working  on  1-80 
for  2  months  did  not  cause  elk  to  leave  their  range. 

112.  Ward,  A.  L.  Elk  behavior  in  relation  to  timber  har- 

vest operations  and  traffic  on  the  Medicine  Bow 
range  in  southcentral  Wyoming.  In:  Hiebs,  S.  R., 
ed.  Proceedings,  elk-logging-roads  symposium. 
Moscow,  ID:  University  of  Idaho,  Forestry,  Wild- 
life and  Range  Experiment  Station;  1976:  32-43. 
Traffic  on  forest  roads  had  little  effect  on  elk  activity, 
especially  beyond  0.25  mi.  Elk  road  crossings  occurred 
most  frequently  where  desirable  feeding  sites  were  near 
the  road.  Timber  harvest  operations  had  a  definite  effect 
on  elk  distribution.  The  impact  was  less  severe  in  areas 
where  harvest  operations  were  separated  by  1.5  mi  and 
activity  was  concentrated  within  one  clearcut  at  a  time. 
Elk  use,  however,  was  excluded  from  approximately 
25  mi'-  during  high-intensity  and  widely  scattered  timber 
operations  in  open  areas  with  greater  visibility. 

113.  Ward,  A.  L.;  Cupal,  J.  J.;  Lea,  A.  L.;  Oakley,  C.  A.; 

Weeks,  R.  W.  Elk  behavior  in  relation  to  cattle 
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This  report  describes:  (1)  petroleum  exploration,  development,  and  production; 
(2)  potential  environmental  disruptions;  (3)  effects  of  disruptions  on  wildlife 
behavior,  habitat,  and  populations;  and  (4)  strategies  for  minimizing  and  mitigat- 
ing adverse  effects.  The  section  on  impacts  includes  a  detailed  outline/index 
referring  to  an  annotated  bibliography.  Major  wildlife  groups  discussed  are  un- 
gulates, carnivores,  waterfowl,  raptors,  songbirds,  shorebirds,  and  furbearers. 
Fish  and  other  aquatic  organisms  are  not  covered. 
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The  Intermountain  Research  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  Forest  Service  Research  stations  charged  with 
providing  scientific  knowledge  to  help  resource  managers  meet  human 
needs  and  protect  forest  and  range  ecosystems. 

The  Intermountain  Station's  primary  area  includes  Montana,  Idaho, 
Utah,  Nevada,  and  western  Wyoming.  About  231  million  acres,  or  85 
percent,  of  the  land  area  in  the  Station  territory  are  classified  as 
forest  and  rangeland.  These  lands  include  grasslands,  deserts, 
shrublands,  alpine  areas,  and  well-stocked  forests.  They  supply  fiber 
for  forest  industries;  minerals  for  energy  and  industrial  development; 
and  water  for  domestic  and  industrial  consumption.  They  also  provide 
recreation  opportunities  for  millions  of  visitors  each  year. 

Several  Station  research  units  work  in  additional  western  States,  or 
have  missions  that  are  national  in  scope. 

Field  programs  and  research  work  units  of  the  Station  are  maintain- 
ed in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University  of 
Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 

Ogden,  Utah 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 

Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 
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